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EXECUTIVE SUMMARY

This report summarizes hydrologic data collected from two sub-basins, $65A and
565B, located within the northern section of the lower Kissimmee River water
management basin and northeast of the Lake Istokpoga water management basin. The
main water conveyance system within the sub-basins described in this report is the
Kissimmee River (C-38) which is a primary input into Lake Okeechobec from the north.
The major water control structures are S-65A and S-65B, corresponding to Pool A and
Pool B, located on the C-38 canal.

The historical hydrologic data collected within the sub-basins and reported herc
include rain, stage, flow, and runoff. No evaporation data exist for these 1wo sub-basing.
Data sets pertaining to the different hydrologic paramelers were analyzed with respect to
expected range and magnitude, prediction of missing values, and consistency with
adjacent stations.  This data evaluation was applied to rainfall, stage, and flow data
obtained [rom the monitoring stations in both sub-basins. Statistical rainfall results for
each station are reported on a monthly and yearly basis as mean, median, standard
deviation, maximum, and minimum values, Monthly and yearly areal rainfall results are
also reported for each sub-basin. Monthly and yearly statistics for stage and flow at cach
station within the sub-basins arc presented in tabular and graphical format. Runoff
estimates are presented in graphical and tabular format for the two sub-basins. The
adjusted continuous historical flow data are stored in the South Florida Water
Management District database, DBHYDRO, as preferred database keys.
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INTRODUCTION

The lower Kissimmee River water management basin is one of the primary water
conveyance systems feeding into the northern section of Lake Okeechobee. The upper
Kissimmee River water management basin (UKR) is the primary source of water for the
lower Kissimmee River water management basin. The two sub-basins, S65A and S65B,
discussed in this report are located in the northern section of the lower Kissimmee River
water management basin. The primary water conveyance system within these sub-basins
is the Kissimmee River (C-38 canal).

A discussion summarizing the hydrologic data collected from the upper
Kissimmee River water management basin has been reported by Ali (1998). Hydrologic
characteristics, including the main water control structures, within the 563A and S65B
sub-basins discussed in this report have been described in detail by Abtew (1992) and
Van Horn (1996}, The Kissimmee River was channelized in the late 1960°s as the C-38
canal system with associated control structures to provide flood protection for the
upstream sections of the lower Kissimmee River watershed, Currently, the District is in
the process of redesigning the Kissimmee River/C-38 canal to restore some areas to their
natural meandering pathways that existed as natural ecosystem wetlands prior to the
redesign efforts io the late 1960’s.

The lower Kissimmee River waler management basin is shown in Figure 1.
Figure 2 shows a detailed description of the S65A sub-basin. The 365A sub-hasin is
located south of Lake Kissimmee and encompasses approximately 161 square miles. The
rcgion is bounded by longitudes 81°00°00"" and 81°20'26"" and latitudes 27°36'24"" and
274936, The inflow of water into the Kissimmee River at the northern edge of this
sub-basin 15 controlled by the 865 structure at the southern edge of Lake Kissimmee. The
S65A sub-basin contributes to the first reach, Pool A, of the Kissimmee River, and
outflow from the sub-basin is controlled by the water control structure 5-65A (concrete
gated spillway and lock structure}, The $65B sub-basin is shown in Figure 3. The region
is bounded by longitudes 80°54'25'" and 81°16°43"" and latitudes 27°29'48"" and
27°44°39"". The sub-basin encompasses just over 200 square miles. The primary water
control structure at the outlet of this sub-basin is the concrete pated spillway and lock
structure 5-65B, The 565B sub-basin contributes to the second reach, Pool B, of the
Kissimmee River. The purpose of the water control structures within these two sub-
basins is to provide flood protection within their respective sub-basins, maintain
seasonally varying operational goals for pool water levels, and pass design flood without
exceeding upstream flood stages. The structures also pass sufficient discharge to
maintain downstrcam stages and provide minimum flow through capacity for the UKR.

This report presents the hydrologic summary of $65A and S65B sub-basins.
Time series of rainfall, stage, flow, and runoff cstimates are presented along with the
available sources of data. Annual and monthly hydrologic statistics are presented. When
apphlicable, missing data gaps were estimated and continuous fow data were stored in
preferre database keys.
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565A SUB-BASIN

The S63A sub-basin encormpasses approximately 161 square miles. The location of
this sub-basin and a detailed map of the sub-basin are shown in Figures 1 and 2. The
sub-basin extends from the lower edge of Lake Kissimmee southward approximately 10.5
miles. The main waler conveyance structure within this sub-basin is the Kissimmee
River (C-38 canal). The small watersheds located within the sub-basin that contribute
flow through their tributaries to the C-38 canal are the Buttermilk Slough, Ice Cream
Slough, Blanket Bay Slough, Bay Hammock, Skeeter Slough, Armstrong Slough, and the
River Ranch Slough.

The major water control structure located at the southern edge of the sub-basin is a
reinforced concrete gated spillway (8-65A) with three gates and a lock structure. The
purpose of the structure js to maintain seasonally varying operational goals for water
levels upsiream of 5-65A and to pass design flood without exceeding the upstream flood
stage, The 565A sub-basin contributes to the first reach, Pool A, of the Kissimmee
River, and outflow from the sub-basin 1s controlled by the water control structure $-65A,
The regulation schedule for Pool A is set at 46.3 feet for the entire year (based on data
records for 1 October 1997 through 30 September 1998). The flow capacity for the $-
65A structure is 11,000 cubic feet per second (cfs), which is 30% of the standard project
flood (SPF). This design rate will not cxceed the headwater and tailwater design stages.
The maximum capacity is 14,200 cfs, or 100 percent of the Standard Project Flood {SPF).
This structure is sized to provide a minimum of 3,000 cfs flow through capacity for the
Upper Kissimmee River water management basin flood conirol, irrespective of local
runotf conditions.

The data collected for this sub-basin and presented in this report include rainfali,
stage, and flow. Evaporation data were not available for this sub-basin. Daily records
exist for the above hydrologic parameters within the South Florida Water Management
District databasc, DBHYDRO, and are accessed through assigned database keys. Data
presented in this report were collected by the District, United States Geological Service
(USGS), and the National Ocecanic and Atmospheric Administration (NQAA),
Preliminary review of the hydrologic data showed missing values or questionable data for
single and multiple days for the period of record associated with all data sets. Data were
examined with respect to consistency with adjacent stations, seasonal range, and
magnitude of recorded value. Predictions for missing data were made based on time gap
and consistency with adjacent station data.

Rainfall

The lower Kissimmee River water management basin average annual areal rainfall
was reported ag 30.]1 inches for the years 1915 - 1985, while District wide average annual
areal rainfall was 52 8 inches (Sculley, 1986). The wet season spans from June through
October while the dry scason occurs during the remaining months, Data compiled by
Sculley (1986) resulted in a wet season average of 32.8 inches and a dry season average
of 17.1 inches.



A description of rainl(ull monitoring stations in the $65A sub-basin is given in
Tuble | and includes station name, database key for data access from DBHYDRO, daily
caleulation method, period of record, and grid coordinates.  Monitoring locations for
ramnlall in this basin ure shown in Figure 4. The data from cach station were checked for
missing values, accumulated duta with missing valucs. and consistency with respect to
udjacent stations. I duta gaps of three days or less were encountercd, missing data were

Table |, Ramfalf stations in S63A sub-hasin,

Station Dbkey Method  Start Lnd Latitude  Longitude
ARMSS0 R (5750 Sum Nov/1979  Sep/1989 273954 &10703
GAC_R (5878 Sum Apr/ 1974 May/1998 274444 511444
YEEHAW J_R 05964 Sum May/1965  Aug/t972 274403 510128
SO5A_R (059481 Sum Tul/ 1965 May/I1998 273935 810804
S65A_R 106372 Sum Jan/1991  Nov/1997 273935 §10804
AVONT2 R (5993 Sum Feb/1965  Lan/1972 273751 B11534
INDIAN4_R 06200 Sum Feb/1960  Mar/1981 274800 811900
TRIPLE_C_R 13061 Sum Jul/1989  Jul/1991 274203 812707

TIndicates method of reporting data were datly sum,
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Figure 4. Location of rainfall collection stations in sub-basin S65A.

estimitled using the closest station with valid rainfall. Any month with ercater than three
days of missing data were excluded from statistical analysis for that spectiic month. For
data uccumulated over time, estimates were made based on the ratio method given in
Equation 1, using the next closest station with valid data.

G



Pa(t) = [Pa(c)/Pg(c)]*Pa(t) (D

where

Pa(t) = estimated rainfall for station A on day t, inches,
Pa(c) = cwmulative rainfall for station A, inches,

Pl = observed rainfall for station B on day t, inches,
Py(c) = cumulative rainfall for station B, inches.

During the process of apalyzing rainfall data, resulls were checked for consistency
and magnitude with respect to time of year and adjacent stations. If erratic or erroneous
data were observed in the data set, these data were adjusted, with respect to the closest
station exhibiting valid data, or removed from the analysis. For cxample, at station
ARMSSO_R a 10 inch rainfall event occurred that was inconsistent with the adjacent
station 565A_R.  Also, observations indicated questionable data existed over tme
periods prior to and after this event. That is, extremely low rainfall values were recorded,
that were inconsistent with station S65A_R for the years 1985 - 1989. The guestionable
data were removed from the statistical analysis for this station, and subsequently for the
rainfall analysis over the entire sub-basin. The result was an increase of 12 - 15 inches
for average annual sub-basin rainfall during the years of 1985 — 1989.

Historical results, monthly statistics and annual sums, for each monitoring location
are given in graphical and tabular format in Appendix A. Monthly statistics (mean,
median, maximum, minimum, standard deviation) were compiled for each month over
the period of record for each station. These data were combined for sub-basin wide
gstimates of average monthly and annual rainfall. For sub-basin wide average annual
areal rainfall, data from each station with temporal overlap were averaged for that year.
Monthly statistics for sub-basin rainfall results for the calendar years 1963 — 1997 are
depicted in Table 2. Monthly and annual results for sub-basin wide rainfall are given in
Appendix A.  Note that the maximum monthly rainfall occurred in June and the
minimum monthly rainfall occurred in April for the calendar years 1963 — 1997, Also,
mean monthly rainfall was highest in June and lowest in December for the calendar years
1963 — 1997.



Tahle 20 Statistics for

basin S65A.

“monthly ramfall (inches) over calendar vears 1963 — 1997 in sub-

Sttistic  Jun Fch Mar Apr May Jun  Jul  Aug Sep QOct Nov Dee PORT
Meian A7) 328 2LE 433 708 TA2 707 596 316 236 191 5110
stundard 162 187 208 143 271 306 258 346 259 Z41 257 1,57 399
Dievialion

Minimum L) 45 002 .04 L6 250 293 1,50 133 049 009 0.21 3188
Mciliun 222 0259 208 106 300 770 713 709 5.3 2019 155 138 5137
Maximum 6,24 743 870 456 13602065 15351780 1491 1091 13.217.32 70,71

M ndicutes period of record for statistic,

Sub-hasin wide statistical estimates for rainfall over the calendar vears 1963 - 1997
are shown in Digares 5 - 7.0 Kesulis Tor this tme period showed an annual arcal maximum
rannlall of 707 mches, minimum of 31.9 inches, and historeal average of 5101 mnches

{with o standard deviation of 9.0 inches).

Average wel scason weal rainlall was 3201

inches, while dry season average areal ramfall was 19.1 inches over the years 1963 -
(997 These results are consistent with those reported by Sculley (1980) for the entire

hasin duriny the vears 1915

respectively).
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Figure 5. Average annual areal romfall in S05A sub basin tor years 1963 - [997.
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Stage

The man structure controlling stage 10 the SO5A sub-hasin is the reinforced
conerele galed spillway and lock structure (S-05A). The spillway is designed 1o maintain
i headwater stage ol 46.3 feet (NGVD) and lailwater stage of 421 feet (NGVD)
corresponding to the design tlood of 30% SPF for the C-38 cunal. Water will bypass the
spillway structure at an elevation of 34.0 feet (NGVD)Y. Upstream of the S65A sub-basin
control structure is the RATHAM station, located in Rattlesnake Hammock, belween the
5-05 and 5-05A control structures.  Characleristics of stage and Mow through the $-63
control structure were reported hy Ali (1998), Other structures in the S65A sub-hasin
included S63AX, a culvert in the ofd Kissimmee River oxbow to improve marsh flow,
and the stations ARMSO, ARMSC, and ARMSF which controlled and monitored stage in
the Armsirong slough.

A deseription of stage data collection stations m the S65A sub-basin are given in
Tuble 3 and locations for these stations are shown in Figure 8. The upsiream water
control structure, $-65. 1s shown in italics. Stage statistics for the structures in the SO5A
sub-basin are shown in Figures 9 - 13, The data show consistency with respect o stapc,
that is, mean stage at RATIIAM is al a higher elevation versus headwater stage al S65A.
several stations showed minimal amount of data (one year or less) and no graphical
results are presented (or these (ARMSO, ARMSC_C, and ARMSE _F).  Summarics of
datly stage over cach month {or ARMSO, ARMSC €, and ARMSFE_F are given in
tabular format in Appendix A, Daily historical results of stape for the remaining stations
are given m graphical format in Appendix A,

Tuble 3. Stage data collection stations in S65A sub-busin.

Station Dbkey Method?  Start Fndl Latitude  T.ongitude
RATHAM 13089 Meun Jul/ 1990 Dec/1995 274320 811005
RATIIAM 16553 Mean Dec/1995%  Jun/1998 274320 L1005
S05A_H 04426 Meun Jun/1969  Aug/1994 273935 810804
S65A_H 06799 Meun Mar/ 1986 May/1998 273935 R10804
S05A_T 04428 Mecan Jun/1967  Aug/1u94 273935 810804
S05A_T (06R00 Mean May/1986 May/19498 273935 B10804
S05AX_H 12568 Mean Jul/1988  May/1998 273938 B10754
S65AX 1 12569 Mean Tul/TOR8  May/1998 273938 10754
ARMSO_H (15164 Meun Jun/1983  Mar/1984 274038 210617
ARMSC H 05170 Meun May/ 1983 Jun/1984 274003 810725
ARMSC_T 05172 Mcan Tun/1983  Mar/1984 274003 SE0725
ARMSTH 05176 Meun Jun/l1983  Muar/1984 273950 2100206
ARMSE T D178 Meun Jun/1983  Mar/1984 273930 S10620

T Indicates method of reporhing data were datly mean,

10
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Stage data were checked for consistency with respect to upstream stations, when
possible. Missing ditta gaps were estimated by assuming a lincar arithmetic increuse or
decrease belween the respective duta entnes that contained valid data. For stations with
lermporal overfap, the most recent valid data was assumed Lo be representative for that
day. It should also be noted that $ 65 tailwater 15 a valid measure for water levels in Pool
A within the S65A sub-basin, Missing datu for headwater af the $-63A structure can also
be estimaled using tailwater mcasurements at the S 65 structure. Figure 15 shows the
results for 5 05 tailwater and S-65A headwater measurements and the resuliant water
levels associated with Pool A,

Bi)
44 -
45 -
47
A6 -
Ak

A4 .
43
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41 .

40 : . : :
VAT =t IR Vi Ve s SR P VI PIRR T Y 11/85 188 1183 171797
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[ m———— i s f [ —_

ST S S65A_H

Figure 14, 505_T (tarlwater) and S65A 1 (headwater) daily stage results indicative of
water levels i Pool AL

Recall that design headwater stuge tor the S-05A control structure was 46.3 teet
(NGVD), while design tailwater stage was 42,1 feet (NGVI). Historical results, or time
scnies data, showed a maximum headwater stage of 48,15 feet (NGVD) on 27 February
1988, Maximum tatlwaler stage for this structure was 46,93 feet (NGVD) on 23
February 1995, an El Nino year.



Flow

The design discharge rate for the S65A sub-basin control structure is 11,000 cfs
(30% SPF). The 1009 SPF discharge rate is 14,000 cfs. The maximum flow rate that
occurred through the 5-65A control structure was 13,114 cfs on 3 October 1969. A
minimum flow rate of 0 cfs occurred through the control structure for twenty percent of
the period of record analyzed.

The spillway structure was designed to maintain an optimurn headwalter elevation
of 46.3 feet (NGVD) and maximum water level drop across the structure of 10 feet. The
structure passes the design flood (30% SPF) without exceeding upstream flood stage and
restricls downstream flood stages and channel velocities to non-damaging levels (Abtew,
1992). The lock operation was established by the U.S. Corp of Engineers in accordance
with the River and Harbor Act of 1917 and is currently set as: Monday through Friday,
8:00 a.m. to 5:00 p.m., all year; for Saturday and Sunday, 1 March through 31 October,
5:30 a.m. to 7:30 p.m.; for Saturday and Sunday, 1 November through 28 February, 5:30
a.m. to 6:30 p.m.

The data base keys and period of record for data collection at {low stations for sub-
basin S65A are shown in Table 4. Locations of the stations that monitored flow are
shown in Figure 8. The S-65A control structure was the only station with valid flow data
for the S63A sub-basin. Although stations ARMS0, ARMSC_C, and ARMSF_F indicatc
flow data exist for the years from 1979 to 1983, access of these stations through their
assigned database key in DBHYDRO showed that the data had not been processed.

Missing gaps for flow data were estimated by assuming a linear arithmetic increase
or decrcase between the respective data entries that contained valid data. For temporal
overlap, the most recent valid data was assumed to be representative for that day.
Monthly statistics for daily flow at station S65A_S are shown in Figure 15. Data from
flow station S65A_5 is stored in the database under the preferred database key HG237.
The period of record for this database key is 13 June 1969 through 31 May 1998, The
source database keys in DBHYDRO for flow station S65A_S are 04430 and 06R801.
Daily historical flow for S65A_S is shown in Appendix A. Average daily flows over
each year und vyearly flow summations at station S65A_8 are presented in the section
discussing runoff. Average daily flows over each month and year, and monthly and
yearly flow summations for S65A_S are presented in Appendix A.
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Table 4. Flow monitoring stations in S65A sub-basin.

Station Dbkey Mcthod™  Start Lnd Latitude  Longitude
SO5A_S (04430 Mean Jun/1969  Dec/1991 273935 810804
S65A S 06801 Meun May/ 1986 May/ 1998 273935 ¥10804
ARMSO 05168 Meuan May/1979 TJuly/1983 274038 810617
ARMSC_(? 05174 Mecan Jan/1979  Tul/1983 274003 10725
ARMSFE_F 05180 Mcun Aug/197%  Jul/l98F 273950 810626

TIndicates method of reporting data were daily mean.,
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Figure 15, Stattstics for daily flow over cach month at station S63A_S.
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S65B SUB-BASIN

The location of sub-basin S65B within the lower Kissimmee River water
management basin is shown in Figure 1, with a detailed map of the sub-basin depicted in
Figure 3. The sub-basin encompasses approximately 200 square miles. The main water
conveyance system 1s the Kissimmee River (C-38) which extends 12.1 miles from the S-
65A control structure to the main control structure within the S65B sub-basin (S-65B).
The small watersheds contributing flow within this sub-basin are Tick Island Slough,
Pine Island Slough, Sevenmile Slough, and Duck Isiand Slough.

The major water control structure within this sub-basin 18 a reinforced concrete
gated spillway, 5-65B, with three gates and a lock structure. The purpose of the structure
is to maintain seasonally varying operational goals for water levels upstream of 5-65B
without exceeding upstream flood design stage and also, restrict downstream flood stages
to non-damaging design tlood levels. The S65B sub-basin contributes to the second
reach, Pool B, of the Kissimmee River, and outflow from the sub-basin is controlled by
the water control structure S-65B. The regulation schedute for Pool B was set at 42.2 feet
(1 October 1997 through 20 April 1998). The schedule was subsequently decreased from
42.2 feet to 38.5 fect through 15 July 1998, and allowed to increase to 41.5 feet through
30 September 1998. The flow capacity of the 5-65B structure is 14,000 cfs (30% SPF),
with a maximum capacity of 16,700 cfs (100% SPF). Two auxillary structures exist at
this site, S65BX1 and S65BX2. S635BXI, now disfunctional, was used for over thirty
years. The purpose of the S65BX1 structure was to maintain flow in the old oxbow
apstream and downstream of 565-B. It was abandoned when repairs were considered to
be uneconomical in light of the imminent obsolesence by the Kissimmee River
Restoration Project. The S65BX2 is located approximately six tenths of a mile west of
the 5-65B control structure. The purpose of this auxiliary structure is to provide drainage
to tributary lands, including Boney Marsh, that were cut off by the local levee, Also, the
culverts at the S65BX2 structure allow drainage to Pool C rather than the diked off
portion of Pool B. The 8-65B structure is sized to provide a minimum of 3,000 cfs flow
through capacity for the Upper Kissimmee River water management basin flood control,
irrespective of local runoff conditions.

The data collected for this sub-basin and presented here include rainfall, stage, and
flow. No pan evaporation data was available for this sub-basin. Daily records exist for
the above hydrologic parameters in the District database, DBHYDROQ. The data were
collected by the District, the USGS, and NOAA. The data reported here were checked
for consistency with respect to magnitude, upstream data collection station, and missing
or questionable data. Estimations of missing data were made based on time gap length
and consistency with adjacent stations.
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Rainfall

Average annual arcal rainfull District-wide for the years 1915 - 1985 has been
reported as 52.8 inches, while the lower Kissimmee River water management basin was
reported as 5001 inches for same tme penod (Sculley, 1986). The wel season for the
southern section of Florida spans from June through October. Sculley (1986) reported
wet season average annual aresl rainfall as 32.8 inches and 17,1 inches lor the dry season
average for the entive lower Kissimmee River water management hasin,

A descniption of rainfall monitoring lTocations for the S65B sub-basin are given in
Table 5. The table includes station name, database key tor accessing information from
DBHYDRO, calculation method, period of record. and grid coordinates. Locations for
the momtoring stations are shown in Figure 16, All rainfall data for each station were
analysed with respect to missing values, accumulated data with missing values, and
consistency i magnitude, time of year. and adjacent stations. I data gaps of three days
or less were encountered, missing ditta were cstimated using the ¢losest station with valid
ragnfall. Any month with greater than three davs of missing data were excluded from
statistical analysis Tor that specific month. Dhata accumulated over time were estimated
using the ratio method and the next closest station with valid data (i.e., equation £). If
erratic or erroncous dala were observed, these data were adjusted with respect to the
closest station exhibiting valid data, or removed trom the analysis,

Tuble 5. Ramflall stations in S65B sub-basin.

Station Dbkey Method™  Starg End Latitude  Longitude
PEAVE R ()5672 Sum Apr/ 1979 Sep/l982 274215 810125
ELLMAX R (5852 Sum Mar/1972 May/1998 274509 810439
PEAVINE_R 05838 Sum Jun/1972  Muy/1998 2732357 B10125
MAXCLEY N_R 05871 Sum Apr/1974  May/1998 274100 810126
TICK ISL_R (05872 Sum Apr/1974  Mar/1998 274108 L1112
BONEY.WS_R (5887 Sum May/1975 Qct/1989 273204 811257
565B_R 05994 Sum May/1905 Jun/1998 273009 811145
S05B_R 16282 Sum Feb/1995  Nov/1997 273009 El1l145
KREFR FI286 Sum Mauy/1997 Jun/1998 273008 11144
KRBNR 172609 Sum Qct/1997  Jun/1998 272739 811016

TIndicates method of reporting data were daily sum.
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Figure 16. Location of rainfall collection stations in sub-basin 565B.

Daily historical results for all rainfall collection locations, and the entire sub-basin,
are given in graphical and tabular format in Appendix B.  Mean, median, standard
deviation, maximum, and minimum values were compiled for each month aver the period
of record for each station. The data from all stations were combined to estimate a sub-
basin wide average monthly and annual areal rainfall. Temporal overlap among stations
were averaged for the respective year. Monthly statistics for sub-basin rainfall results for
the calendar ycars 1966 — 1997 are depicted in Table 6. Monthly and annual results for
sub-basin wide rainfall are given in Appendix B. Note that the maximum monthly
rainfall occurred in June and the minimum monthly rainfall occurred in November for the
calendar years 1966 — 1997, Mean monthty rainfall was highest in June and lowest in
December. Statistical results, compiled over the calendar years 1966 - 1997, for the sub-
basin are shown graphically in Figures 17 — 19,

Table 6. Statistics for monthly rainfall (inches) over calendar years 1966 — 1997 in sub-
basin S65B.

Statistic Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec PORT

Mean 2.15 252 292 203 409 7.59 659 6.14 566 290 205 1.61 4592
Standard 1.74 1.85 212 1.62 229 291 209 237 218 230 2.00 1.21 8.09
Deviation

Minimum 0.14 0.32 0.07 0.08 092 298 3.22 142 2.61 0.65 004 0.12 3283
Median 1.76 2.18 230 1.75 3.86 7.01 6.54 6.07 528 2.38 143 1.32 44.28
Maximum 6.52 8.97 8§42 526 10.5315.8013.2113.7611.2613.208.06 550 63.41

T Indicates period of record for statistic.
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Figure 17, Average annual arcal rainlall in S6313 sub basin for years 1966 — 1997,
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Figure 19. Minimum, median, and maximum monthly arcal rainfall in 565B sub-basin
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Rainfall analysis for the S65B sub-basin over thc calendar years 1966 - 1997
showed an annual arcal maximum of 63.4 inches, mimmum of 32.8 inches, and average
of 45.9 inches (with a standard deviation of 8.1 inches). Average wel season rainfall for
these years was 28.7 inches and dry season rainfall war 13.7 inches. These results are
lower than those reported by Sculley (1986) for the lower Kissimmee River water
management basin during the years 1915 - 1985 (32.8 and 17.1 inches for wet and dry
scason, respectively).

Stage

The 5-65B reinforced concrete gated spillway and lock structure controls stage in
the S65B sub-basin. The spillway 1s designed to maintain scasonally varying operational
goals for water levels upstreamn of S65-B. Prior to 1984 the operational target stage was
40.0 feet (NGVD). Seasonal stage levels are now targeted for a headwater stage of 40.0
feet (NGVD) and tailwater stage of 35.7 feet (NGVD) corresponding to the 30% SPF for
the C-38 canal at this structure,  Water will bypass the structure at an elevation of 46.3
feet (NGVD). The spillway is operated in accordance with the "Interim Regulation
Schedule - Kissimmee River Pools”, dated July 1982, Optimum hcadwater should be
between 39.0 and 42.0 feet (NGVD). Durng high discharge periods (greater than 3,000
cls) the elevation should be raised to 42.0 feet (NGVD).

Additional structures between the 8-65A and S5-65B control structures within the
sub-basin are used for different purposes. The C-38.MRSH location monitors stage
through marsh C-38 Pool B, north of Pine Island Slough. C-38.PINE monitors stage at
Pine Island Slough near the outfall to C-38, below the 5-65A control structure. The
station FTKISS monitors Kisgsimmee River stage at Ft. Kissimmee. Weir 1, Weir 2, and



Weir 2, and Weir 3 are Kissimmee River Demonstration structures on Pool B, The
Boney sites monitored flow-through detail at Boney Marsh Slough, S63BX1 was an
auxiliary culvert on C-38, now disfunctional in light of (he imminent obsolescence by the
Kissimmee River Restoration Project. This structure was used o maintain flow in the old
oxbow upstream and downstream of $-65B.  S63BX2, was constructed in order (0
provide drimage to tributary lands, including Boney Marsh, that were cut off by the local
levee. The culverts at S65BX2 allow drainage to Pool C rather than the diked off portion
of Pool 13, KRI'N, KREN, KRBN are Kissimmee River Restoration structures for slage
meaisuraments,

An overview ol the stage monttoring locations database kevs for DBHYDRO
access, method of reporting stage, period of record and grid locations are given in Table
7. Figure 20 shows locations for the stations in this sub-basin, with the upstrean water
control steucture, S-053A shown in jtalics, Historical resulty for all stations {excluding
BONLY locations, KREN, KRUEN, KRBN) arc given in Appendix B-in graphical format.
Averuge daly stage over cach month are given in tabular formal for the BONEY
locutions and KREFN, KREN, and KRBN, since the period of records were one year or
less.

Tuble 7. Stage data collection stations in S65B sub-basin.

Station Dbkey Method?  Start End Lattude  TLongitude
§658 11 04432 Mean  Nov/1967 Tan/1994 273009 811145
5658 1 06602 Mean Mur/ 1986 Mar/ 1998 273009 811145
Se5B_T 04434 Mcun Nov/1967 Jan/1994 273009 B11145
S65B T 06803 Mean Mar/ 1986 Mar/1998 273009 11145
S05BX1_H 04442 Mean Feb/1984  Jul/1992 273005 311202
S5653BXI| T 04444 Meun Feb/LY84  Jul/1992 273005 811202
SO5BX2_H 04418 Mean Feb/1984  Jul/1992 272957 811219
S60BX2_T 04450 Mean Feb/1984  Jul/1992 272957 811219
WEIR3_H 035960 Meun Apr/1985  Dec/1995 273439 310938
WLIR3_H 06Y08 Meuun OQct/1986  Jun/1998 273430 510938
WELIR3_T 03598 Mean Apr/ 1985 Jun/1998 273439 810938
WEIR2 1] (2602 Mean Apr/ 1985 Dec/1993 273352 ®11033
WEIRZ 12766 Mean Jan/1989  May/1998 273352 B33
WLIRZ_T 030604 Meun Apr/1985  May/1998 273352 511033
WEIRI H (5608 Mean Aug/19sh Dec/1995 273214 211204
WEIRT_I1 12768 Mean Dee/1986 May/1998 273214 811209
WEIRIL_T (15610 Mcan Aug/1985 May/1998 273214 8112009
FTKISS 00191 Mcan Dec/1941  Sep/1967 273530 510919
C38.PINE (06842 Mean May/1986 May/1998 273703  R10818
C35.MR5H 06&E93 Mcun Apr/1987  May/1998 273818 310812
BONEY.MI 1269] Meun Nov/I988  Aug/t989 273231 811257
BONEY. M2 12692 Maean Nov/ 1988 Aug/1989 273220 811257




Table 7. continued.

Station Dbkey Method®  Start End Latitude  Longitude
BONEY.M3 12693 Mean Nov/1988 Aug/1989 273210 811257
BONEY . M4 12698 Mean Nov/1988 Aug/1989 273158 811257
BONEY M35 12699 Meun Nov/1988 Aug/1989 273143 811257
AVONP3 04440 Mean Sep/1984  May/1998 273237 811220
KRFN (4893 Mean Nov/1997 Jun/1998 272739 811016
KREN FZ604 Mean Nov/1997 Jun/1998 274501 811037
KREN 12599 Mean Oct/1997  Jun/1998 274717 811133
T Indicates method of reporting data were daily mean.
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Figure 20. Stage and flow data collection locations for 565B sub-basin.

Maximum headwater and tailwater stages for several monitoring locations and
dates of occurrence over the historical period of records are given in Table 8. The design
headwater stage for the 5-65B structure was 40.0 feet (NGVD), while tailwater was 35.7
feet (NGVD). Statistical resules for all stations (excluding stations with one year or less
of data and stations S65BX1 and S65BX2} are shown in Figures 21 - 33, Daily historical
results for stage are given in Appendix B in graphical format for all stations except for
BONEY.M#, KRBN, KREN, and KRFN which are given as daily averages over each
month in tabular format.
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Table &, Maximum headwater and tailwater occurrences [or severl stations in sub-basin
SOH51,

Station Headwater maxiomum Tatlwater maximm Date of occurrence
(1T NGYVTH (ft NGVD)
S505B H 4324 O/ 21787
S65B T 35.99 10/04/69
WILR | _H A41.80 (Y2/22/Q8
WEIRT 't 4371 /72187
AVON B3 4637 OF/21/98.03/22/498
WLIR2_H A5.71 N2/25/88
WILIRZ_T 4517 Q212208
WHEIRRA H 460,71 O2/22/98,02/23/98
WEHIRZ T 4572 02/25/88
FTKISS A0 124672 OO/ 18/45.02/23/98
38 PINI: 4721 03/22/98
CAE MRS AR.03 (3/22/9%
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Froure 21, Statistics for daily stuge over cach month at siation C38. MRSEL
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Figure 22. Statistics for daily stage over each month at station C38.PINE.
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Figure 23. Statistics for daily stage over each month at station FTKISS for years 194] -

1967.
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Figure 24. Statistics for daily stuge over cach month af station IFTKISS for years 1984 -
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Figure 25, Statistics for daily headwater stage over cach month at station WEIR3_H.
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Figure 26. Statistics for daily tailwater stage over each month at station WEIR3_T.
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Figure 27. Statistics for daily headwater stage over each month at station WEIRZ2_H.
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Fraure 28 Statistics for daily wilwaler stage over each month at station WEIR2_T.
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Fraure 29, Statistics for daly stage over cach month af station AVON P3,
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Figure 30. Statistics for daily headwater stage over each month at station WEIR1_H.
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Figure 31. Statistics for daily tailwater stage over each month at station WEIR1_T.
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Frgure 32 Stanstics for daily headwater stage over cach month at station $658 1L
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Frgure 33, Statistics for daily tulwater stuge over each month at station 8630 7T,

Stage data were checked lor consistency with upstream stations, Missing data gaps
were estimated by assurming o lincar arithmetic increase or decreuse between  the
respective dala entries that contained valid data. For stations with temporal overlap
(stattons with multiple database kevs), the most recent valid data was assamed (o
represent stage for that day, Also, as was the case Tor the S65A sub-basin, 5 6513
tmlwaler 15 a valid measure for water levels downstream, as are the respective structurcs
(Weir 3, Werr 2, und Wenr D), indicating that S 03B headwaler measurements are valid
meastrements tor water levels in Pool B Fioures 34 - 38 show the resultant water levels
assoctated with Pool B The higher stage at AVON P3 versns Weir 1_H (Fieure 37)
shows the addition of Mow o C 38 at this point along the canal,
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Figure 34, SO65A_T (tailwater) and Weird_H (headwater) daily stage along C-38 in
S65B sub-basin.
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5658 sub-basin.
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bavsin,
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Figure 38, Weirl _T (tailwater) and S65B_H (headwater) daily stage along C-38 in 565B
sub-basin.

Flow

The design discharge for the S65B sub-basin control structure is 14,000 cfs (30%
SPF). The maximum discharge for this structure is rated at 16,700 cfs (100% SPF). The
maximum flow rate for the period of record reported here was 16,809 cfs and occurred on
4 QOctober 1969. A minimum flow of 0 efs occurred through the structure for twenty
percent of the period of record for this station.

The spillway structure was designed to maintain optimum upstream waler control
stages in C-38, The structure passes the design flood (30% SPE) without excceding
upstream flood stage and restricts downstream flood stages and channel velocities to non-
damaging levels (Abtew, 1992). The lock operation was established by the U.5. Corp of
Engineers in accordance with the River and Harbor Act of 1917 (8 August 1917) and i3
currcntly set as: Monday through Friday, 8:00 a.m. to 5:00 p.m., all ycar; for Saturday
and Sunday, | March through 31 October, 5:30 am. to 7:30 p.m.; for Saturday and
Sunday, | November through 28 February, 5:30 a.m. to 6:30 p.m.

The source database keys and period of record for data collection at flow collection
stations for sub-basin $63B are shown in Table 9. Although station PEAVF2_F shows
dates for Mlow measurements, no flow data existed for this database key. Locations of the
stations that monitored flow were shown in Figure 20. Missing data gaps for flow data
were estimated by assuming a linear arithmetic increase or decrease between the
respective data entries that contained valid data. For stations with multiple database keys
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and temporal overfap, the most reeent valid dita wag assomed 1o be representative for
that day.  Statistics for average daily low over cach month Tor all flow stations.
excluding SBX 1 Cand SHX?2_C, are shown o Figures 39 42, Daily historcal flow for
all stations are shown in Appendix B, Tables with average daily flows over each year
und yearly Tlow summations for S65B 8§, Weird_W through Weirl W oare presented in
the section discussing runoff,  Average daily flow over each month and yeur, and
monthly and yearly flow sumnutions for 6388, Welr3_W through Werrl W are eiven
1n Appendix 13,

Table 9. Flow monnoring stations in SO5SB sub-hasin.

Sttion Dhkey Method™  Star tnd Latitude  Longitude
PRLAVEZ_ I 07003 Mean Tul/ 1979 Sep/1982 2742106 10641
5658 § U4436 Mean Nov/ 1967 Jun/1994 273004 11145
SO513_8 0684 | Mean Mar/ 1986 Mar/ 1998 273009 SLE145
S05BXI1_C 04116 Mecan Feb/TO84  Jul/toul 273005 w1202
S05BXI1_C 15334 Mean Qot/1990 Tunl/1992 273005 811202
S65BX2 C 04452 Mceun Feb/1984  Jul/1992 272057 811219
S65BX2_C 15335 Mean Oct/1990 Jul/1992 272957 11219
WEIR3_W D560 Mean Apr/ 1985 Dec/1995 273439 510038
WLIR3_W 16744 Mean Dec/1995  Tun/1998 2734349 E10938
WEIR2 W 03006 Mecun Apr/HO85  Dec/1995 273352 BI1033
WEIRZ_W 16743 Meian Prec/1995 Muw/1998 273352 BIL033
WLIRI_W 05612 Mean Aug/ 1985 Dec/1995 273214 L1209
WLIRI_W 16742 Mein Dec/ 1995 May/1098 273214 11209

TIndicates method of reporting data were datly meun.
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Figure 39, Statistics for duily ow over cach month at station WEIR3Z_W.
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Figure 40. Statistics for daily flow over cach month at station WEIR2_W,
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Figure 41. Statistics for daily flow over each month at station WEIR1_W.



2500 - 10000
2000 CEDUO .
o
E
IR CBDDD w
A : =]
3 1000 | & 5
2 0| - 400 3
| : &
500 pEonn =
9 ' Tt
2 & B 10 1
Mtk
hMesHn * 5.0, Mir. . hoclian M
Fioure 420 Statistics for daily tflow over cach month al station 565135,
Preferred database keys have been established for the flow stutions and are hisled in

Table 10, Also shown in this table are source database keys from DBLIY DRO and period
of record for the data assigred 1o the preferred database key, Preferred dutubase kevs
were assigned it [low stations had multiple database keys assigned in DBIY RO and/or

estimations were made for missing data guaps.

Tuble 10, Preferred database key assignments Tor flow stations in 5058 sub-basin,
Station Dbkey Period of record Preferred Datahase key
5058 S O4436/0084 1 L1/27/67-03/31/98 HIG238
S05BX1_C 04446/ 15334 O 14/81-07/09/92 [1€3239
S505BX2_C 04452715335 00/1:1/84 (Y7/04/92 H(240
WEIRT_W 05600/ 16714 (RATS/85 5/31/98 HG24
WLIRZ_W 05606/ 16743 O1726/85-05/31/9% 242
WLIR3_W 05612/16742 (04/26/85 00/30/98 HG243
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S65A AND 565B SUB-BASIN RUNOFF

Flow data have been presented with respect to the S65A and S65B sub-basins.
Runoff within these sub-basing contribute to the total flow through the 5-65A and 5-65B
structures along the C-38 canal. Historical flows through the 5-65 structurc at the
southern cdge of Lake Kissimmee were presented by All (1998). Duily averages over
each month and year, and monthly and yearly flow summations for the 565 flow control
structure for the years 1969 ~ 1998 are given in tabular format in Appendix C.

Runoff estimates are obtained by subtracting average daily flow measured at the
upstream control structure from average daily flow measurcd at the downstream controi
structure. The data are then adjusted to obtain runoff in inches/day. Monthly and ycarly
statistical results for runoft within the S65A and S65B sub-basins are presented in tabular
format in Appendix €. Negative flows cxist for these data {(monthly and yearly). The
temporal results for the period of record analyzed (June 1969 — May 1998) showed that
runoff within the S65A sub-basin was ncgative for 31% of the events recorded (S-65A
flow subtracted by §-65 flow). The S65B sub-basin showed that 42% of the total runoff
gvents were negative (S63-B flow subtracted by 565-A flow).

Temporal results for rainfall and runoff data for the S65A sub-basin are presented
in Figure 43, Monthly and yearly summations for this sub-basin are presented in Figures
44 and 45, All three figures show thal negative runoff can exist for the sub-basin on a
daily, monthly, and vyearly basis. Negative runoff implics flow losses along the canal
between the 5-65 and $-65A structures. These losses may be due to evaporation,
seepage, diversions within oxbows that are not returned to the canal, a combination of
these physical effects, or other unaccounted for losses along the canal (Pool A).
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Date
Rainfall ....... Runoff

Figurc 43. Temporal results for rainfall and runoff in S65A sub-basin.

37



30 10

ary i b
: |
i -I:": W R ! —
& 20 =" 04
= " { =
£ L E
=5 L5 S
I ] ==
. 0 =
& i s
5 ] -15
Jan gy dan-th o Jan-77 0 Jan-81 Jan-85 Jan 89 Jan-as Jan-97
Date
Rainfall ... ... Runolf
Figure 44, Monthly summations for cainfall and runofi in S63A sub-hasin,
O
0
w50 -
3 2
- =
&2 40 @
B 30 =
< =
£ 0 F
10 w10
A/ 4 FEO7BOBO B2 B4 B8 88 00 w0 ¥4 6B
Y oar
— - Rainfal -..-- - Runott

Vigure 45, Yeurly summations Tor rinnfall and runoff in S65A sub-hasin,

An ussessment of the effeet of rainfull with respect to runoff is shown in Figure 46.
The result shows a double mass curve, ranfall versus runofl, for the period of
overlapping records tor the two parameters. The resulting plot gives actual data
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{obscrved as points), regression line, and 90% confidence intervals (CI). The eqguation
describing runoff is:

RO =  0.12IR +5.99 (2)
where

RO = runoff, inches, and

34 = rainfall, inches

The data used to produce this curve were based on yearly cumulative results for rainfall
and runoff (1970 — 1997). The regression line had a rsquared value of 0.95. Clearly, this
curve does not produce meaningful data for runoft until the cumulative effect of rainfall
is obscrved after one vear. :

2000
1600 -
1200 -

800

Cumulative rainfall {inches)

400

0 40 an 120 160 200
Cumulative runoff (inches)

—— Prediction 90 C.1.

Figure 46, Double mass curve for cumulative rainfall and cumulative runoff in S65A
sub-basin,

Temporal results for rainfall and runoff data for the S65B sub-basin are presented
in Figure 47. Monthly und yearly summations for this sub-basin are presented in Figures
48 and 49. All three figures show that negative runoff can exist for the sub-basin on a
daily, monthly, and vearly basis. Negative runoff implies flow losses along the canal
between the S-65A and 5-65B structures. These losses may be due to evaporation,
seepage, diversions within oxbows that are not returned to the canal, a combination of
these physical effects, or other unaccounted for losses along the canal (Pool B).
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Figure 49. Yearly summations for rainfall and runoff in S65B sub-basin.

An assessment of the effect of rainfall with respect to runoff is shown in Figure
50. The result shows a double mass curve, rainfall versus runoff, for the period of
overlapping records for the two parameters. The resulting plot gives actual data
(observed as points), regression line, and 90% confidence intervals (Cl}. The equation
describing runoff is:

RQ = 0.145R - 13.66 (3)
where
RO = runoff, inches, and

R rainfall, inches

The data used to produce this curve were based on yearly cumulative resuits for rainfall
and runoff (1970 — 1997). The regression linc had a rsquarcd value of 0.58. Again, as
with the effects within the S65A sub-basin, this curve does not produce meaningful data
for runoff until the cumulative effect of rainfall is observed after one year. Also of note,
is the higher variability, or lack of prediction ability for runoff based on rainfall
measurements (low rsquared value) within the S65B sub-basin.
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sub-busin.

An overview of the resulling average daily (ows and vearly flow summations
through the control structures $-03, % 05A, and S-635B. calculated runatf flows for SG5A
and 5658 sub-busins, and Mlows through Weird, Wair2, and Weirl, for the years 1964 -
1998 are given m Tables 11 and [2. The resulis, in general, show consistency with
respect o upstream and downstreanm structures. Qver the period of record analvzed, 31%.
of the daily runofl events within the S63A sub-buasin were negative, while 42% ol the
datly runoff events were negative within the S63B sub-basin, Also, several years show
upstream average durly fows were grealer than downstreany average daily flows. The
siame effect is seen with several yearly tolal flow summations. This implies flow losses
along the C 38 canal between the 5-635 and 8 638 structures. Aguin, these losses may be
due to evaporation, scepage, diversions within oxbows that arc not returned o the canal,
a combination of these physical effects, or other unaccounted for losses along the canal
(Pool A und Pool B).
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SUMMARY

This report summarized rainfall, stage, and flow data for the S65A and 5658 sub-
basins located in the northern section of the lower Kissimmee River water management
basin. Time senes results were presented for daily rainfall for each station in the
respective sub-basin,  Monthly statistics for rainfall at each station were presented in
tabular format. Areal rainfall statistics were presented for each sub-basin. Daily average
stage data over each month were presented in graphical format as well as daily historical
graphs for the period of record at each station within the respective sub-basin. Flow data
were presented as time series graphs and daily statistics over each month were presented
in graphical format for each station within the respective sub-basin (excluding several
stations with less than one year of data). Runoff results were estimated by subtracting
flows at upstream and downstream structures. The data were presented as average daily
flows over the pericd of record and total flow summations for cach month and year.
Double mass curves were presented for rainfall versus runoff within each sub-basin.

‘Rainfall resuits from the S65A sub-basin were two percent higher for the calendar
years 1963 - 1997 versus previous data analyses reported by Sculley (1986) for the years
1915 — 1985 for the entire lower Kissimmee River water management basin, Wet season
values were two percent lower than Sculley's results while dry season results were 10 %
higher for this sub-basin. 863B sub-basin rainfall results for the calendar years 1966 —
1997 were eight percent lower than previous data reported by Sculley (1986) for the years
1915 - 1985. Wet season results for this sub-basin were 13% lower than Sculley’s results
while dry season results were 20% percent lower for this sub-basin.

Stage data for the S65A sub-basin control structure showed that headwater results
exceeded the 30% SPF value for 50% of the data over the period of record analyzed.
Tailwater results excceded the 30% SPF value for 14% of the data over the perod of
record analyzed. The 100% SPF design value was not exceeded for the headwater stage
at this structure, while the tailwater stage was exceeded less than onc percent (50
incidents) over the period of record analyzed. Stage data for the S65B sub-basin control
structure, for both headwater and tailwater results, never exceeded the 100% SPF design
value. However, headwatcr results exceeded the 30% SPF design value for 62% of the
data over the period of record analyzed, while tailwater results exceeded the 30% SPF
design value three times (less than 0.1%) over the period of record analyzed.

Flow data results for the S65A sub-basin control structure showed that the 30%
SPF discharge design value was exceeded one time and this incident occurred on 3
October 1969. The 100% discharge design value was never exceeded for the period
analyzed. The 100% SPF and 30% SPF discharge design value for the S65B sub-basin
control structure were exceeded one time on 4 October 1969 over the period considered.

Runoff calculations indicated that flow losses occurred along the C-38 canal
between the 565 and §-63B conirol structures. These losses may be due to evaporation,
secpage, diversions {rom oxbows that do not return to the C-38 canal, a combination of
these effects, or other unaccounted for losscs along the C-38 canal.
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Table AL, Monthly and annual rainfall (inches) in the $65A sub-basin.

Yuar Jan Fuis Mar Apr My Jnn Jul Aug sep it iy T Sure
1800 . RRY 1.24 4.0 -- - . 1358
LA 1.58 167 240 - 2.0 535 -- - - 1300
192! -- 1.12 116% G HD B Ha 7.0 1.1k NI .02 4012
1963 1.74 6353 |38 (AW 1.i.al RACE! 3.547 548 ; (Hh 5.12 261 3012
1964 305 150 LTe 207 4.1 K1) 7.03 1468 633 0% {).84 (1.55 5230
14 1.z .04 3.0 ERE 4 30 1070 DRY 118 nad 308 [ 240 0d.77
146 LR .14 112 1.7 S50 270 fds 054 i1 214 SN (.07 50.73%
147 A2 407 2054 1.4 452 752 I A UNE 341 1.91 | 89 1.51 4048
| IYR 54 140 0.5 {hal A3 976 315 A Ak 3.04 | 5] [V RO
Thou F.a3% 1.52 [ 0K 1.62 T60 B46 724 981 FRE! ul 223 K G475
1171 2687 193 4.3 .14 4.0 371 9352 4.08 1.7 on7 M (A ALY
17 ST 37 (.84 (.10 255 BRI W2 4.0 REH] H.001 47 117 ALK
14972 1.67 483 205 R (12 1111 42 FRiY 143 258 177 243 aL.3Y
1% 201 (142 AT lod 2008 2.0 371 4.75 ind 1.1y (L7 114 3148
1974 {58 1.0 .12 | 47 A L6ts LT 1001 3 HK 0.6l 046 .66 3647
{u75 0 ¥} KAVR] 212 .24 AT ER LR T.02 PR} 09 0 034 (.nd a9.80
1976 49 057 208 1.24 h.39 531 TR w6l 83 1.73 237 333 41.5%
14977 (BT | 52 0.8 0.67 ThT 454 737 400 [SHES: I3 3ol KR 4066
1t 149 375 3449 [N YA% 037 1535 314 Ry RR{IV] {54 328 SE1D
19749 021 1.27 1.58 T4 7.00 440 R .2 [ER 049 112 .67 5360
[RER] kX% 412 1.77 3a7 S8 S0 L K3 358 1.11 A5 143 47 62
[§3 (1,40 2549 1.494 304 2034 h.a2 RN wEa 742 1.0% B3 17 3904
jan2 .04 1.K1 2.0 ERtE 2 P22 A1 IS nli L 0.78 Nn.52 o2
1053 4.2 PN 020} 1.71 20 UR-¥ A b “H 43 340 .24 A1 5331
1434 0,52 LY 5 2.3 2N 747 613 (SN h] 411 25 {3800 404 070 47 11
1485 .64 045 24 257 1.5 a2 374 521 {150 20 220 291 A3.11
1140 KR .1 .30 474 11.210) 210 1130 479 380 401 345 |80 RRL AhKS
147 207 | 33 (L} [INI{] ERV ] 3.47 770 150 Ul 5.4 .48 0.2 5284
1088 161 2008 5.1 L8 1.0% 4.3 mah 100l 305 1.51 313 .18 40 58
1989 S04 062 4.12 Gdl KN E) £ 7001 7.30 536 125 2000 4.47 49 27
(R .62 4.27 1. 117 2049 926 h.1n 7.07 531 2.63 1.5 .44 4% o
11081 107 0.2 4044 At 044 .40 {042 an2 357 (AU 045 0.7 58.29
1082 67 317 1.6 441 1. 14 WHS 51 1780 1 1.1 I 55 .87 G360
113 323 2.29 507 A48 200 200 R uRY wa .04 .80 1.54 57.51
118 R 203 204 A1 .04 938 10,73 1049 720 273 363 2R3 063,34
115 208 308 3049 A1 2.1y T.41 1012 LI HY 6.0 .56 1121 SH R4
10816 4.31 a7 0.0 187 PATY] D05 rai %10 2.1 148 0 dg 185 5434
1997 2.0 1.34 182 430 265 7 il 017 AR 181 13.21 137 T4
[995* 600 645 K70 1% (300 . - - -- ‘ 24 46
Findicanes partial yein

Htuhstie Lan Feb M Apr May Jun Jul Ay Sep (xt Moty [hw I'OR
Muan 232 200 325 21 A3 T 732 Ta2 L] 1160 R ic) 101 Al
Stanlari] In2 87 218 1 43 271 A6 E 340 259 2.4 257 | 22 By
Leviahion

Minimurn 1 (.45 012 nad Il b 243 1.56 13} 049 0.1% [ 31,54
Muslinn 212 2.59 204 1.5 3090 771 PR FRLY 5.3 210 1.55 1.38 51.37
Muaximum 024 743 R7G 4.56 1300 2005 1535 1780 1ML 108910 130 )a2 T0.74

Vindicates poriod of reverd o station and exclides paurtisl year reantiy

hE:



Table A2. Monthly and annual rainfall (inches) at station ARMMSO_R.

Year Jan Feb Mar Apr May  Jun Jul Aug Sep Ot Mav Dec Sum
1979* -- - - 252 3.24 360 492 5.32 1052 0i2 0.72 2,76 3432
1980 1.80 288 1.30 2.04 444 432 3.52 4.2 296 0.7z 324 1.08 37.80
1931 0.24 228 1.32 0.00 276 4.44 4.50 11.28 5354 228 1.44 (.04 36.48
1952 1.44 276 4.56 3.36 4.80 1248 480 2 7.32 1.536 1.0% (.60 5496
1983 348 7.20 Jag 1.68 192 2.00 324 3.00 4.08 240 .72 4.08 44 .28
1984% .60 - -- 252 3,28 5.58 3.00 1.62 2.04 0.00 395 0.21 24.60)
Findicates partial year

Statistic Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oa Nev 1o POR
Mean 1.31 378 2.79 202 374 a.57 4.84 597 550 1.83 1.46 43 38
Standurd 1.27 2.29 1.50 1.14 1.30 3.47 1.98 393 330 1.33 1.62 #.44
Deviatign

Minimum 4.24 228 1.32 0.00 .92 3.60 300 1.682 24044 oD 0Tz 0.00 3648
Median 1.44 282 2.64 228 3.84 5.01 4.68 4.86 4.98 1.14 1.26 L34 d1.04
Maximum 3.48 7.20 4.56 336 3.28 1248 8352 1128 1092 240 375 4.08 54.96
* indicates period of record for station and excludes partial year results.

Table A3, Monthly and annual rainfall (inches) at station GAC_R.

Year Jan Feb Mar  Apr  May Jun Jul Aug  Sep Oct Mov  Dee Sum
19074 e -- - - 3.26 2176 - - 8.84 0.26 0.28 319 39.59
1975 0,97 2.51 243 0.90 13,838 4.87 B34 5.15 10,23 670 Da7 0.40 50,55
1976 .45 1.48 328 72 579 6,33 6.85 B.97 1623 115 247 164 32,50
1977 2.26 145 0.6 [.31 430 3.18 857 4.29 5.85 1.66 379 305 41,17
1978 365 4.18 3.50 0.57 7.25 0.9 1853 1.63 6.62 4,20 0.49 303 64.71
1979 575 1.52 1.32 178 936 652 503 6.83 1895 037 1.75 1.06 61.24
1980 3.68 513 Q.87 535 6.00 4.96 g6l 6.28 365 1.96 4.3 1.70 5252
1981 .50 216 3.06 0.11 4.25 4.27 4.21 297 7.50 0.05 4.30 305 42.43
1087 321 278 6.83 504 921 - -- 6.92 937 3.44 0.93 1.15 4R.88
1983 574 6.24 Q.99 0.87 1.58 12,35 743 4.13 4.62 6.37 1.59 373 64.94
1984 0.39 3.60 217 370 9.39 7.07 875 6.99 370 0.67 4.81 0.69 5202
1935 0.35 0.35 2,58 2.04 1.74 [2.80 4.26 791 6.89 1.76 N 315 47,25
1936 274 1.69 6.69 0.24 1.64 1094 354 545 5.02 LR 0,90 4,20 46.96
1987 1.30 1.64 3.25 0.25 in 3.534 8.40 118 1193 571 392 Q.10 5734
1958 130 3.26 732 2405 1.12 4.1 11.82 1495 318 1.18 383 1.42 36,50
loget -- -- 397 4.15 4.21 6.08 4.64 .26 7.82 0.77 2.34 -- 43.24
Loo0 - 4.71 2,10 0.67 1.7 1092 818 398 368 3,18 207 0.80 48.96
1991 2.581 1.14 3.65 3,81 8.00 898 1229 473 3.96 7.93 0.33 0.87 6030
1992 042 370 1.40) 3.09 1.53 2382 3357 1911 283 .63 1.55% 0.67 65.34
1993 4.37 234 579 493 146 3351 IL.3e 739 6.36 6.64 (.49 092 57.01
1994 1.86 2.49 2.68 6.14 4.49 10,74 1018 1270 8.84 1.03 397 294 68.06
1995 2.4% 338 296 4.28 234 8.69 1320 ™ 638 6.91 1.45 0.17 52.45
1996 5.88 (.82 a.41 249 R.23 Q.54 329 1.6 348 671 0.39 2.30 51.70
1997¢ 349 1.26 . - - 2.50 1105 EBI1l 1te2 232 1318 B3 69,48
1998 648 445 895 166 168 - - - - - - - 2322

* indicatcs partial year



Table A3, continucd.

Slatistic Jin Feh M Apr My Jun Ini Aug s )l v ec POR
Moean 273 212 4 254 510 003 B2 TRS .24 ERN) 2H1 214 5584
Standdnrd 196 151 2002 i 44 504 384 4.0/ AT 257 3.0M) 142 T
Ievialinm

Minimum .36 53 (.87 01l 112 ER B 324 |63 2 O 17 N1 4117
Median 2.55 249 328 204 1.3 W H.37 719 0 50 24 P.AH 1.6 5055
Mausimuin 0.8 0.74 Q499 al4 Piss XA RS 191 [R5 793 IRRE AT R0
" indicates peaiod of weord for station and exclodes pacrial vewr wynlty

Tahte A4, Monthly and annual rainfafl (inches) at station YEEHAW T R

Yo Lan lich Nar Apr My Tun Jul Aun Sup [ Mo L¥IRE Kur

1965 -- - : DO TIM LT S0R 0 1260 26K 3TR)
166! .0 335 (115 2.1 17 .67 %33 (IR -- 2.0 .27 13 3254
180y 1713 i it 025 1) [VION | 04z n.ld s3] 302 ().70) .40 1.73 3350
1468 1155 208 17l %] PN IR I PRI €177 504 ol 2.4 .20 5555
[4960F 2.21 155 PRE Lot 409 025 nel 1112 493 177 354 278
1970 330 214 av 035 235 - - - ‘ a2 103 1402
1717 1 047 (L4 205 1w val 4.00 o 721 (.50 138 4543
14! 1.14 512 21 RXIN! ST 1t 304 - - 31.24
Vincicales paritl year

Slatstic Tan Bl Mu: Apr May  Jin It Aug Sop Ot MNiw e POR
Muan 1.84 342 279 1.10 .54 1075 0h 7. 3 B0 3.3 1 .06 1.53 47.13
Stanclurdd 156 1.7¢4 148 11 270 2.25 ERTT 131 1.64 470 093 1,24 [l
Daeviation

Minimmim (300 1.3 (1.245 (.00 0.494 G2 324 4.0 302 .80 0.20 ala 3350
Mudian 1.14 312 1.21 .81 BRI 1080 nnd 701 4493 20 0.50 125 5734
Maximum 5.2 535 445 303 H.LT 1385 9.51 172 747 ML) 230 1.54 55.55
D indicates period of reeord for sition and excludes Tt vear resnlts,

Table A5, Monthty and annual rainfall (inches) al station SO5A_R.

Year [ien bl Mar Apr May Tin Tul Aug Sep Chl Moy Tice Sum

105" - -- . - -- 167 1032 4 54 44 171 240 3541
1804 438 455 a2 1.00 374 3.06 525 RY O.K3 I 0 018 .50 F2.45
167 (ins 22 [(SX1Y] (.00 0.0 oo PR A 521 0.R3 (3130 030 30,16
140t it 3 110 (.60 454 ERE! 410 i1 5.H) 126 0.60 R
1404 132 130 5.3 1.10) 2.00 110 -- - 13.25 143 ) 3003
170 3.05 237 5.17 010 5.05 195 3 4092 R ERE (LK1 (L1853 42 68
14971 0.0 202 074 0.0 204 .44 7 410) 408 345 406 L35 1.2n0 3494
(972 1.1 471 278 245 R0l PL2D 628 658 202 241 ] 1749 3643
1973 A.70 24 1.47 4.2/ ERh] AK2 HH2 290 749 .93 .77 127 ad.00)
1974 (.10 1H2 0[O0 134 IR0 i 2o PR 441 [.26 {171 243 S04
1575 6l 203 257 202 .00 4.50 .00} T2 5.73 3R (.50 (185 A5.40
F070 034 0.0 1.0 1.7 PAYE] 574 ERIE n.in R .51 [ A0 5103
Hrt .24 I 24 0.7 .31 2AT n7 130 R (18 214 273 250 MM
19rs R | - 1R 0.08 H.12 .50 14061 0. R.09 2.8 ().06 424 5820
1975 (.24 140 141 162 PRl .25 F.HY q17 134 122 YR 135 5046
Lo 232 - 20l P N L N L Y 113 400 197 49
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Table A5. continued.

Year Jan Feb Mar  Apr May  lum Jul Aug  Sep Qct Nov  Dec Sum
1931 0.41 276 2.51 0.00 0.00 784 2.50 1216 383 092 095 Q.15 39,08
1932 1.39 2.08 433 539 380 9.18 B4 461 1138 498 1.25 0.96 58.7%
1983 3.46 3.84 313 2,57 2,83 826 4,88 2.70 424 1.71 41 4.08 50,71
1984 .57 3.30 261 2,19 175 574 B.21 373 391 1.73 5.05 1.19 45,98
[985 (.93 0.34 2.30 2.10 213 B44 7.32 2.50 .28 263 1.30 .67 38.96
1986 an2 (.90 278 Q.16 273 1166 6.04 3.28 4.2 4.9% 28] 217 46.73
1987 34 101 525 007 446% 530 708 DM 729 5040 RO 030 4433
1938 2.85 270 4.50 0.30 225 4.78 9.29 6.06 4.72 1.84 243 0.94 42.66
1989 3.04 0.62 4.26 2.66 2.06 .04 938 §.29 564 2.59 sl 4.96 56.15
1990 G.47 4,55 (.86 174 4.68 1336 &9 7.08 564 4.66 0.86 0.65 5134
19491 3.04 1.1] 6.19 4,85 11.01 846 835 1391 3.8 6.05 0.57 0.60 67.52
1992 .91 2.64 1.59 .77 0.78 1748 G662 1648 664 2,10 134 1.06 61.97
19493 592 24 615 397 1.685 2% 542 1235 907 5.9 1.22 1.75 53.01
1994 2.90 336 320 198 3al 8.42 11.27  R.27 5.6% 443 3.29 27N 58.72
1995 [.67 208 502 377 1.58 6.13 7403 1313 340 5.48 1.a7 0.24 5210
1996 254 .51 569 1.25 082 %.26 2.57 554 250 6.24 . (.53 1.60 47.05
19497 2.44 1.42 1.82 4.56 2.65 592 7.77 563 10.51 130 1325 5.68 G297
1908* 533 925 857 143 092 . . . - - - - 25,70
¥ indicates partial year

Stanstic Tan Feb Mar  Apr May  Jun Fut Aup  Sep Qct MNav D POR*
Mean 225 2.60 300 1.94 4.38 187 737 3 f.l6 348 217 1.79 4941
Standard 172 209 2.00 1.56 310 ind 2.53 358 270 250 2.66 1.38 003
Dxvistion

Minimum 003 034 00 000 000 183 250 084 202 0fr 000 015 309
Median 232 2.25 2861 1.74 36l 7.84 725 891 5.66 259 1.25 1.35 50.56
Max.mum 6.24 9.25 B.57 539 1101 1748 1401 1648 1346 1323 1325 568 &1.52
* indicates period of record for station and excludes partial year resuits.

Table A6. Monthly and annual rainfall (inches} at station AVON P2_R.

Year Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec Sum
1965* - - — - - - - - - - - - 0.00
1966% - - . - - . - - .- 2.39 020 080 339
10674 ER 1| - 10 )M (.90 10535 1031 - 3.33 1.95 0.65 226 3412
1968 0.51 1.84 1.03 (.64 4.74 1544 673 4.60 7.31 745 238 0.49 5316
1969* 1.78 166 871 1.41 1.88 - 7.14 6.03 6,80 S.67 1.37 115 4870
1970 2.77 1.99 4,73 0.00 570 311 290 4.55 7.12 1.82 0.18 0.66 41.35
1971# - .63 0.39 0.05 3.05 .20 8.539 4.35 3.31 4.844 0.49 - w352
*indicatcs partial year

Statistic Jan Feb Mar  Apr May  Jun Jul Aug  3ep Ot Nov  Dec POR*
Mean 222 2.04 3.04 .43 325 Q.58 233 4.93 6.01 4.6% 0.38 1.49 47.36
Standard 1.41 0.43 3.67 0.51 1.98 5.08 1.44 0.73 .60 327 0.85 1.2] 821
Deviation

Minimym (.51 1.66 0.10 0.0) 0.50 3.11 6,73 4.35 353 182 0.18 0.49 41.35
Median 223 1.92 £03 0.06 3.0 YR8 8.39 4,538 6.80 3.62 0.57 .80 47.36
Mzt 3.81 2.65 R.71 1.41 370 Pa4d 1031 6.03 7.31 Q.67 238 3.25 3316

* indicates period of record for station and excludes partial year results,
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Table A7. Monthly and annuoal rainfall (inches) at station INDIAN 4_R.

Year Tin el Mar Apr May Jun Jul Aug sep (et Moy Dew Sum
it . - RRIH 4.4 426 . - - - 1158
1901 * I 5% L o7 2.40 -- 200 533 .- -- -- [3.00
12t . -- - 1.12 ey 68w 5860 2450 i S.0H | 2 4012
1963 170 6.33 1.3% [ 1361 534 A7 548 Az {LES 512 2al 5012
1964 03 .50 27 2yt 1l ER 703 468 66} IE (154 1155 3230
1961 1.02 4490 330 KN E 1.50 10,74 WHIl [y 7 Eal iz 234 6737
1504 S..0 13 1 44 1.3 KIS 958 577 482 (.49 171 012 1.25 041
1407 [ ER3 {07 00 015 3.0 DB 132K 5 W 129 .16 02 A50h8
Hng 34 1.47 114 (134 400 1472 n.Aa7 237 R 30M) 2,22 (haf AR5
1904 230 1.5 .71 A Y46 S.02 T 12,27 1075 wid 343 4 10} [
1) RAE 1.30 522 (1.6 4.56 310 T.0h Hah ER N 307 (.29 .11 kYA
1971 Q917 (.02 1.55 1413 240 8.7 W N 14 .74 113 0).<0 0.9 A2
1072 .76 E RN ERIE Rals 403 [ 7.50 {1ihd a7 4.1 316 AH.063
1973 TR 163 4.2 7.28 .46 434 1142 930 7.25% 234 b 50 230 nita
174 1.{H) 213 0.24 .ot 570 [P B I S R I P T S It | b 138 236 S5
191 0.4 450 .37 (.40 L H.IH [IIRTO N | At [ IR IEI T 7 (SR A 6 i tH)
170 0.4 .78 104 [IRE 4 06060 Q50 kI 9 172 AN 2.0 6In14
1977 2004 IH2 DO3 03 .04 20 I 500 o A2 2 4 G260 4356
1974 UL a2 RV (330 538 1.l 15315 1.55 139 2AN 048 AaR A7
17 H72 083 2 2.7 914 647 T63 4.0 gt 0.2s 11439 {52 3035
1440} JLHR 432 182 KR O.1h 670 738 tag Rk .01 5.47 1.35 3176
[RETR Db 36 DEr - - - : - - - 449
¥ indicatey partial year

Stubistie Tam Felh Mar Apr May  Jun Int Aug Sep Chet Moy I PR
Mean 127 iy 250 B ] 707 B.33 T ode 14l 207 208 5318
Starulard 1.1 205 1.7% [ 83 20 ] 284 167 I 2.64 1.85 1.4 HA
T vipnion

Minimum 017 0.7y 0.7 (hIH} 0143 278 Al 1.55 0.0d 025 LN .55 AT
Mutdin 1.73 324 200 [ .59 4,31 T4 795 1.h6 .34 230 142 234 5109
Maximum .72 a3 471 2N 1361 14.72 345 1408 163 98 5.7 .20 63,53
indicates peried of recurd for stenion and exetudes prartial vear results.

Table A5, Monthly and annual rainfall (inches) at station TRIPLE_C R.

Yuar Tan ety Mar Apr May Jun Jul Auyr Sep (et Mo L Sum
145a] - - -- A5 2.0l N4 .03 oy 13
1950} 37 354 1 4] 1.1 263 3.5 333 7.84 4.02 10006y 16 0 2590
Byt 3.3 “.Aal 1.1% G 03 N -- -- - 15.57
" ineicales partial vear

Slatshe lin Ful Mur  Apr May  fan aul Aug Sep Ot Mo D POR
Meun RN 203 .30 1.08 1.47 S.0hd RIRK .14 A2 (.23 DIt 1.0 281
atundard .47 214 016 1.u2 163 ERIX REYS 142 (124 .08 2R --
Meviation

Mintmm 077 (.51 1.14 1.1 030 Ao 433 4.35 20l 006 103 .00 EHRA
Moedian TG 2.1 1.0 1.oH 147 504 A [IRT)] 362 023 .11 1.5 2H M
Iamom 3.55 354 1.41 2.0 207 777 3.3 TR A.02 (144 016 AT 2.0

R " ” - -
indintes peiod of record for staton and ekeludes partial year resulls,
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Figure AB. Daily stage at station RATHAM.
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Figure A9, Daily headwater stage at statton S65A_H.
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Fregure ALQ. Daily tailwater stage at station S65A 1
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Figure Al1. Daily flow at station 565A_8.
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Figure A12. Daily headwater stage at station S63AX_H.
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Figure A13. Daily tailwater stage at station S65AX_T.
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Table AY Staustics Tor daily stage (1L NGV over cach month st ARMSC T,
ARMSC 11 ARMSO_H, ARMSFE 1, ARMSE H (1983 - 1984,

Maonth ARMSU_T ARMSU 1L ARMEOH ARMSE T ANNEE 1T
faw TN 1750 RISRL Slay A206
fiel 4020 1737 SRS a1 33 A 200
Min S 2 1717 R 177 RN
Apr J4

My -

Jun LA BRI ER 2l
Jnl 46 s S0 Il I ER
Ay RICARIY: K1Y RN KR
e RIEARN R ERn Y RRRAY
iy Ay T S0 067 Al S A lE
My 1ty 19 S8 KRNI 3107
e Aoy My AT 20 R

Mokt i sepearted S n T shee at stabion ARMS(Y T
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APPENDIX B: S65B SUB-BASIN DATA
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Figure B2, Daily rainfall at station KTL.MAX_R.
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Figure B3. Daily rainfall at station PEAVINE_R.
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Figure B4. Daily rainfall at station MAXCEY N_R.
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Tuble BL. Manthly and annual ramtall (inches) in sub-basin S658.

T [BU] bl Mur A Wiy Jun Jul Angr Sepr (1 v Iy Kum

1905 - 731 R T T T T R I
140 R K 1.433 1.7a 7% ®A 0l 4.u8 A2 ERiD| 1 (156 PRWAS
[Rli% (.8 LT hat ANE [FR LR 571 168 57t 1 .56y 0.1 vz 3ra
10K 18 1.21 47 1 570 LR B B 5.010 5210 A0 It 015 ER RN
(R .76 1.5 {100 R R wtn] AR LA 7l [ eL O U Ry n il
14970 LR (I3 2% {1k 463 2.U% LR 1HS 334 7013 REIR 17 04
1971 ol 4.0 1.0 {5 1 &ty K acbd 1 40 470 [} 38 112 1335
14972 .14 Al 100 [ KRG 5.2 R N2 TG 17! Al 1495 1410
7 A8% 154 2.0 A 1.74 [ERE 5 320 370 174 1 i.4s ahAY
IR 124 ERE iy (PR AR FTose 105G 5 A Al S ER 1 Hd 424
1rts Az 174 1.4 [ EAK 13 (3 th 56 tr 164 ftl LRE 07z i 430
14740 AR (.00) 187 [0 105 B sl 14 7 it DT 2405 1 U1 44
1ayy [T YT A 110 147 s 02 350 4.8 620 1.} 1 Tla RERIR!
1975 215 ERE AV 042 52 sy I3 34y KR! 2018 1.3y 1A RRRIA
[ RS 1.4 {1 Tyl KRV Ay 1.5 377 IE 70 on Fakz 1.2 4551
110D I 07 e 1.4y 270 s 117 7.0 +00 KIS NS 337 1.0 RE R
i ] 134 73 1] 0l LEsD q %0 ER 743 At | 1) i R
19 .58 2.0 50 3 Mk bs T T THA IR 2H T 35 00
Rk KRR (1.4% S7 TAY 174 YA 141 111 AT b L-h RN 41 TR
[NER n.al KRN R a1 L 100 ns 141 TR AR Y| [N 4470
[ Nz a2 1504 ERIN [k Sk 1,14 5.AH hhl Tas R 1% LT
1440 =y 07 24a (13 225 I 6tk 414 12 4 &0 07 K] a2 Ak
1987 130 nii AN 0.4 A SR v (1 142 1026 4R7 703 0 d LU0
[Ehtt Nl ) 180 113 1.7 4A2 7T T A 1hl IR |2 ERaRh
] M4 073 AR [l |94 BoRd fi 50 (2 50 3 i 1.4 2.5 IR
Fn 024 4,540 IR 10,74 KRy R 5 34 4,00 5 {3l 104 {1 40y ()46 1407
14 170 174 Fa RS RS 507 SR 147 AGES L 0nl &3 44 f
Jung 07 A17 1722 353 boadn a0 bl ISl 1 8n [ (IR 007 L S0
[ ERA 251 5 a6 374 2071 Al 0.00 ;09 5.23% BN .44 1.02 S0057
14 22 424 25 1 25 1296 Gy A0 870 RN Lun 2489 a4l
R |94 RN A S17 147 500 T [N WA 5 Wik 1.27 1342 5780
56 A DR 1 H7 v AR R A0 o 26l 142 .42 705 1907
(B 1A 1.3 174 524 4442 ab] Tl 7597 w2 T4 ¥ 16 550 6l #y
[yun’ kWA R Hon 733 1 RA -- 2741
Tindivales partind yeur.

Sl e Jun Feh Moy A S HY Jun Jul Ay S ] Sy Frew ESIFS
e IlA 252 an2 RAVE] d 114 I .50 604 500 Ty RIS 1.6l A5 02
Stivnlard 174 | #3 K 162 2,04 14 L Qo Sy oA 00 ] 5§

Taeviation

Minimnm Ol nar 0y (ST (102 RIS B [ .42 RE s 1t o RN
Mudnn 1.0 208 2an 175 AR 0l i ninz KIh L 141 137 Rk
Mg fnl w47 R 5 M [ BT 1S 1S R I NS I W (S I P2 O B N A T 5,50 3]

Sindicates peziod of record for stanon amd eveTudes patiad vear iesudis,



Table B2. Monthly and annual rainfall (inches) at station PEAVF_R.

Year Jan Feb Mar Apr May Jun Jul Aup Sep Kt Moy Dec Suim
1979* - - - - 072 432 564 348 1245 000 048 072 2784
1980 108 096 084 1.44 480 288 63 240 048 036 252 156 2568
1981 0nan 128 1,63 0.0 1.68 .52 386 588 5604 1.68 312 oo M
1982 -- .84 324 396 sS4 504 - 613 - -- - - 2401
? indicates partial year,

Statisric Jun Feb Mar Apr May  Jun Jul Auy  Sep Du Novy ec POR*
Mean (.54 1.36 142 1.KQO kN B 369 5.32 4.47 6.20 0.6H 204 {176 271K
Standard 0.76 (.K0 1.22 2.00 2.30 1.19 1.23 1.83 6.02 (LER 1.38 {174 1.95
Deviation

Minimum 0o 084 0&4 000 0OV 252 3% 240 048 0o0 D48 000 2508
Median N3 09 |.68 144 324 340 564 468 o4 036 L5 072 27.06
Muximuru 1.0% et 324 396 5.40 3.04 H.36 6.13 12.4% 1.6 312 156 28.44
* indicates period of record for station and exctudes partial year results,

Table B3, Monthly and annual rainfall (inches) at station ELMAX_R.

Year Jan Feb Mar  Apr May  Jun Tul Aug  Sep Oct Mov Dec Sum
1972 - - - 234 544 778 o4 598 .64 1.61 6.37 243 36.28
[973 5.48 L6l 1.57 610 393 4 .85 758 551 112 26l 166 097 52.99
1974 .06 1.4 002 112 4,07 1218 1438 - 3.97 oad 015 2.38 .77
1975 .33 228 2.01 3 1183 5496 1047 6.31 481 4.54 031 0.44 53.5%
1976} 026 0630 402 I.34 14.57 6.71 a.15 - 7.04 G678 135 240 45.90
1977¢ L 09 069 051 982 321 BE2 250 - - 467 282 3610
1978* 166 397 3165 .14 6.32 1.1 12,34 - 240 3.01 (.53 .89 SLG2
1979 532 78 085 229 441 315 6.2 af3 1820 {166 (o2 1.21 5062
1980 .58 30 1.73 243 431 6.55 7.53 371 179 0353 4.33 1.1 3853
1981 0.30 237 [0 ] 383 4 430 983 5498 (043 1.51 0.13 507
1442 2.3 1.89 474 484 541 [0.88 670 613 794 1.28 L73 099 55.65
1983 326 571 5.56 169 L84 948 210 486 L] 279 122 407 4049
1954% (.60 299 - T06 923 114 246 377 056 4.16 1.21 3E.99
LOBS 0.63 0.38 1.57 244 1.49 14 sy 577 7.23 .94 183 0.56 4457
1986 1.71 0.82 Al Al 1.70 1.3 632 502 &9 320 1Oy 349 44,55
1987 .55 .08 543 010 25} aA60 510 238 1310 412 g1 04% 51.63
1U8% RO 265 5.20 1.33 149 394 561 706 473 058 198 090 3827
1989 444 034 304 1,83 223 6466 1197 717 549 1.32 209 313 5057
1950 013 0613 LI 098 306 14 79 776 624 232 36 03N 46,71
149491 LN i.74 L8O 3580 494 54l 1198 153 260 453 0.5 049% 5221
1892 0.72 R R ] 1.3 410 1477 1958 348 822 4492 189 1,51 0.75 51.96
1993 4.35 293 71T 386 439 742 725 9.07 505 487 4.13 Q.90 6149
19947 Ny 304 g2 298 3.05 1331 1557 1122 1236 - 376 292 7495
1995* 273 556 432 45 205 1246 916 - - 8.54 245 0.42 52.23
1956 467 (.36 869 093 7.40 1096 2.84 1168 4856 519 018 ig4  ot54
1997 175 .96 23 8520 - -- 11.45 548 HrLa%  2.36 1422 217 70N
1998 744 923 829 05 286 - -- - - - - - 28.61

*indicates partial year,
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Table B3, continued.

Slatist Jan L'vh Mar A My Jun Jul Ay Sep (et Ny [ PR
Muan 1Al 100 ARk R 474 N A nf hsd 1a7 R I LD
Snantlind (A 24 KM 201 TR 13 a4 Ry RN | .45 ENE 1 ui TN
[evintion

Minimim TAN 131 RN 0.4 .07 L Tl T AR 174 thont [N I (.15 AS )7
Iledim RS T e T 4.0 ENES U] 1,57 5707 TR (RS 11 IR
My e Hrl K% =2 Idsd sl 1557 Thel kM) 845t [4.20 oy il
Cindicares period of reennd fon ston and exclides partial vear resalre

Tabte B4, Maonthly and annual rainfall (inches) al station PEAVINE_R.

Yoar Lo Fel Mur A May  Jun Jui Any, Hepr el RITN e RINEE
YRy - : f.51] R} 1.41 vl SR 2PA2
1975 AT [.74 (IR 2.5 R IR hoAL A0 Sl 57 11,25 AR
1497 {1 %0 RPN [IRYK] [T kR LAt 72N I K a7 0,31 Sy
1075 A ) 1.d1 [V TR AM A5 KR 7T A [ KAz
L/ a5 (157 71 (VRS ORI RS a7 046 VRN il R 47 a0
177 TR 0./1 I.47 (.22 5.7 30K |36 b50 LR R 426 sl
1ozt LA% 2arooran (Ui ATE 11300 17005 877 s 1 516
14370 54N 075 R 124 1260 136 ALK 971 Kl 0l (LY 2R R
JaRH 2 Lo et 30 ROTR KA .04 14 A 157 34 ED
14H ] .25 (R Qo (1 R 20 |90 [ fa. LAY 1.5 0 3003
(b I35 L] .53 M 778 T3 551 720 700 (R 18 1.21 340k
[RES 117 R.55 RIAI 2% .40 L) LHY 160 5 2] A0 R 11 alAy
11 37 304 2.5 Xin uon fll Rl 114 ER 0491 REAI 103y a0
15 (VK2 o el TAl i 4.49 Tabs .65 G4l RN rIn I 54 4250
Lo’ i 1y 6l 213 1 KRtE: IR 54 - - R 1.3 3% 35T
1087 I =7 (70 Ran RH Sl BE (.2} ERN L0l 5K 075 0 56 2
[ 20 172 A05 11l T an 40 LKL Rl AR 2 A i3 LR
(MR 2 107 AR 200 12 550 402 579 il 371 243 k) 4500
14aen) (Al 400 thul {84 RAV 551 A 116 154 525 (T [T LI
14 456 R 4.4 R AL 1Y 151 KT 2HT 159 077 i M2
[ 122 - 340 ol 11w e [RYR] (VAR (3,70 2705
(R .00 37 BRI Rt 25 701 70 A [ERER 112 | 71 57 .13
() R R ] fr.iM AUy 1545 #od [P o R ek
105 ra 3 A7 RNVE LA Az b 1. 320 707 1 Hy 1) 46 fats 1
100 205 141 74 [ [N (Y 1,35 187 (54 Tl REE)
ey 415 Lin 117 i EY R 7 R 2o 5. fy 47 i 13
[ A0l A irun 52 Rl .- -- 43 A7
Hindieaies parind year.

Slanstiv Tar Fulr LA A Muy  Jun Jul Aug Sep {h N e POR
Muean R B 354 EX 484 7.6 fiid [ IR LR RE K 197 BRIy
Slancdard 1.8 200 TR 110 154 130 276 Rt KR 1.5} 137 151 Y
[xevianon

Mintimun Nz ER] 0.0 0.4 .11 L.a0 (¥ 238 135 4] .23 007 LD
Mudian RN 102 23 LMy AN 6l 6,71 S0 Al 1Ry 1.3 L2 4743
Mauxitn {3,080 5.0 1284 N1 1200 1545 12.05 1430 1404 703 IR B0/ 7687

Dmdicates pernad of revend Torsialon and exelndes paminl e el
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Table B5. Monthly and annual rainfall {inches) at station MAXCEY N_R.

Year Jan Feb Mar  Apr May  Iun Jul Aug Sep Cher MNov Dec Sutn
1974 -- -- - - 2,15 9.25 945 4.39 260 095 .35 214 31.28
1975 .45 206 1.49 1.5t .59 5.25 4.62 546 5.18 235 0.94 0.68 17.03
1976 0.22 0.43 226 0.96 1t 302 7.02 7.24 6.98 151 1.92 1.51 4508
1977 1.34 041 008 0.06 31159 6.38 643 4,85 693 116 610 .79 41.49
1978 1.78 334 3.04 021 Sl4 1276 983 1.29 329 151 084 2.6] 45,64
]‘;J'.”:)t 7.74 n.7l1 073 2.40 6,40} 4.96 -- -- 5.53 1.407 (.98 1.55 32.07
19810} 219 3.50 1.34 2N 457 300 5.65 462 .80 0.52 304 1.70 34.10
198 1t 0.24 2.26 2.62 .06 2.04) .45 5.18 -- R.02 3086 231 0.20 3290
1982* 1.54 2.02 524 5.50) 57a 678 651 - - 003 1.13 N.55 EEN Y
1983 3.30 7.14 345 2.0 1.34 9498 4,71 4.98 5.33 1.63 117 4.36 4471
1934 .34 3.32 207 2,04 504 5.63 7.84 1465 4.57 (.01 366 1.31 A0.12
1985 .72 .33 1.25 1.4H 207 &.02 6.13 623 4.81 291 |.68 0.74 3077
1986 204 (.74 281 (.11 .70 1352 871 527 512 423 0.80 e 47.79
1957 1.1 045 5.02 .09 2.93 532 .01 0.95 9.8l 4.40 T05 0.37 4350
1584 2646 1.57 199 0.92 0.90 4,64 8.9] 312 167 .54 1.5 .71} 3362
1589 365 0.6 12 1.1R 46 6.91] 0.68 7.58 180 283 . LG8 2.00 3sa7
1600 (.09 491 0.50 .37 309 916 6.63 6572 2.78 4.06 066 0.51 Jods
199] 162 1.54 128 3152 1.74 514 5.16 4,45 2,49 166 0,24 .43 142
1992 {1.66 242 1.00 273 (.54 1726 5.549 10.70 5.33 1.19 1.R2 0.62 50.39
1993 1.34 L.Y6G 4.1% 2.50 30l 104 447 #.26 5.30 4.11 1.A0 0.1 43583
1904 1.a3 339 .28 113 0.77 1103 628 5.50 B.45 .02 272 240 4999
1995 |.58 300 2.16 4.60 092 7.29 1.82 1233 445 06,08 |48 (a4 48,75
1996 2.27 058 601 0497 489 B.00 517 944 210 150 0.54 1.90 44 .45
17 1.6t 244 1.83 145 155 547 7.21 4.7u 645 .51 6.63 2.87 3116
19931 4.71 .24 a6 .36 103 - - -- - - - - 21.90
* indicates partial yeur.

Statistic Jan Feb Mar Apr May Jon Jul Aug Sep et Mov Dec PFOR'
Mean 217 2.35 278 1.87 1229 7.40 610 6.10 4,94 2122 2.15 1.47 42.54
Standard 1.95 [.H2 1.70 151 246 3.4% 2.01 2.81 2,18 1.56 .91 1.03 6.8
Neviatinn

Minimum 0.09 (.33 0.50 0.06 0.58 294 0.68 (.05 1.67 0.03 0.29 0.20 13.62
Median 1.70 2.04 2.44 1.72 2403 6.58 6.13 546 512 191 1.58 1.41 43.55
Muximum T.74 7.14 6.50 5.50 .11 1720 983 125% Q.81 6.0R 7.05 4.36 516
* indigates period of record for station and excledes partial vear results,

Table B6. Mean and annual rainfall (inches) ar station TICK ISL_R.

Yeur Jan l'eb Mar Apr May Jun Jul Aug Sep Qel Nov Dee Sum
1974* -- - -- - 7.23 1545 - - 8.56 046 - -- 3170
1975} - - 1.96 239 6,82 370 884 788 8,32 623 (.86 078 4778
1976 0,47 073 1.21 L1l 19 692 540 7.15 o3 068 215 1.50 44,64
1977 1.62 0.74 (has 0.57 307 6,99 4.44 6.6 688 3162 .00 161 19249
1978 274 18R 1.72 0.16 .00 11.71 14.86 273 8,22 i (.45 3.0 0058
1979 6.56 0.62 199 2.76 5.82 6.34 302 7.73% 15.58 243 (.04 0.30 S0.19
1980 0.88 478 1.53 335 597 3.05 933 0.9 6.19 0.74 5.28 |47 58.173
1981 0.50 - 2.02 0.1 3.81 570 469 1377 546 1.03 1.73 0.10 1372
1982 1.62 .02 6,59 4,56 7.70 9.88 9.25 2.26 1146 565 2.35 1.05 6530
1083 4.1% %.53 521 2.36 1,46 %15 4.65 214 3.36 215 .58 4,81 50.63
1984 (143 2.65 224 228 10,12 591 .58 762 M 1.37 495 1.0 47,30
1985 (.58 (.35 1.93 1.9% .73 R4 134 2.80 656 1.56 2.36 238 34,48
1oge? 234 (.98 349 0.18 2.55 1406  7.04 582 4.50 378 -- 3.60 AK.34
1987 .45 .59 580 a.02 3.10 075 16l 0.7t 1002 439 7.24 0.73 4741
19828 .69 292 4.88 1.13 (.29 3.4 6.24 7.50 195 .67 257 0.8Y 36.57
L989 460 43 322 1.72 1.30 625 7.32 4.44 4.90 1.1¢ 2z 282 4031
1990 .35 3,08 1.17 (.39 4.18 1111 942 3.80 04] 3.24 112 .53 48.70
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Table BO. contimuned.

Meur [HY tieh Mar A May Tun Tl Aug Hep e By e Sun
1] A 1Y 5113 107 s T T wi? A7 i 1§ (.58 [l KR!
DORE LIRS LG 152 3o 2.8 1917 64! [r9s 2in [T - Jiug
[t 4 141 HOHA 17 |l RN 647 [3us b R BT AT SrIR
(RPN 20 L 11 2 1T [ A (17a 4 [ 9 VR A S50
[aus? [N i BN 137 Hmt AR 074 -- 170 oy )41 AT
It 124 (134 ERt - 1 R 2044 M IR RIS 0ni (IR LS
1aa7 R i o3 a0 BAA TN e (o) 115 [N 1171 T [SAWR)
T KR ION FO ik 220
| E— .

indizames pantial year,
Hratisdic Jan ivh M. A Ny Dhin lul Ay Sep ] My e LRI
Metin L 2.A5 o T B K15 v 4 (.62 .6l RRTS 2.3 183 EUR
Sindord P Y 207 Il 2MA A R R AN | w7 2007 173 G
Ieviaton
Minznwn (115 K [ .00 1 7s 2k R il 1.1+ Ul 4 ot RIS
Moedian 140 24 23 oo RN 70 [ 6o 150 RN AT [ KR
Mg fir Sty Uow L 500 HLLZ 0505 Bvee JXus isd a1 I I 530
Candieates poerod o recond for siation e exelndes prrtind yeun resulta,
Tuble B7. Mean and annual rainfall {inches) at station BONEY.WS R,
Yenr Jan l'ub Mar Apn May Iun Il Aug e Ot WO T Sum
st -- - Ful? I : Eae I HO -- BRI
ot ‘ - LM 408 Al DED 1ed 247 1749
1973 oy (106 Fln .00 147 479 LR 44y 450 1o 308 1 HLEL
1475 228 20 300 .00 Ay MY el 182 073 RETH | 55 44 RATER!
[474 o587 [ I 20 R ERUH 104 (5 TN L .08 | ®h .24 5 71
R4 151 R 174 301 254 TAR R A0 Thh XN 08 {1457 4250
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Table B8. Monthly and annual rainfall (inches) at station S65B_R.

Year lan Feb Mar Apt May Jun Jul Aug Scp Ot Nov Diec Sum
19657 - - -- -- - 7.2 - als 479 338 01.40 1.65 2361
1966 353 .33 0.63 1,75 7.73 H.05 6.03 408 4.42 a4 a.10 0.56 4375
1967 0.8 347 0.41 14 G.o2 5.03 573 36R 573 .66 {0.10 1.97 12.43
1968 G.84 1.2] 0.97 0.44 510 1342 714 5.00 521 1.%0 233 0.45 44.60
1964 1.76 1.57 §.69 338 3.54 861 1:22 819 621 1320 2.39 127 62.01
19714 389 1.91 5.25 .08 4.03 298 8.62 285 5.2%8 204 0.04 .47 35.04
1971 .14 4.74 1003 (15 1.56 5.26 543 4.78 4.60 476 038 672 3355
1972 114 3.31 2.6k 1.18 222 £.70 5.1l 4.6% 143 .10 336 .52 IRd2
1973} 548 1.28 3.80 251 5.54 721 8.70 5.04 9,53 106 0,61 -- ANT6
to7at .19 289 axy - - - 1123 625 - 1.I6 034 1.63 1376
1975 057 089 Q.59 041 5.17 #9946 LR 107 6.76 .79 0.65 1).663 .62
1976 .33 (1L.UA 1.14 (.98 7.40 .00 299 453 6.45 0.68 2.03 .56 1308
1e77* | .08 .41 0.73 Q.15 2al 358 4.09 -- 4.13 0.68 G680 1.71 17.33
1578 .08 2.23 222 0.04 233 771 1554 535 4.08 239 177 2,606 4840
1979 692 .14 0.8% 141 601l 129 7.03 3.65 1119 0.0 1.06 2.07 47.66
1950 1.493 351 1.69 345 317 2.59 594 5.1 2 N.al 2.00 0.94 3339
1981 0,26 126 1.44 0,10 3.26 6.4] 251 5.21 ALY 1.43 0.70 11 27.38
1982 1.20) 2.0 541 6.32 340 693 628 115 /34 4.59 | .64 1.55 5581
1983 24l 833 5.50 278 0.95 6.94 4.75 346 352 1.35 1.26 3,80 45,25
1984 0.34 2al 278 149 2.8l 7.38 8.37 496 2.1¢ 0,50 4,35 1.07 47.65
1985 0.47 0.23 2.67 L9l 1.69 7.57 3.90 680 5.9 385 23] 0n.7s 3827
1986 1.74 (.63 243 0.13 231 10.3% 504 1.63 373 5.5% 040 347 3750
1987 1.18 (.60 571 191 251 4.68 7.26 119 6.81 5352 5.83 .41 4361
1988 2.06 1.71 4.14 1.06 1.10 539 6,70 846 245 0,68 2497 1.65 38.37
1459 1.99 091 344 2,14 .38 453 7.73 7.55 R.47 224 .32 315 45.07
1990t 0.52 4.38 1.24 .11 - 1093 49.37 5.90 6.24 235 a.71 0.72 46.47
1991* 379 [.83 343 315 528 538 7.09 452 - ioe 9.57 0.24 31834
1992 0.39 276 0.96 4.09 L.1&6 15.18 1.37 11.14 319 s 1.28 0.56 42,08
1993 4.18 251 4.64 453 2402 133 553 343 117 297 a.27 0.83 3741
1994 2.19 254 1.93 6.25 4.21 11.B4 936 569 876 225 4,19 239 5970
1995 1.52 3.07 2.28 4,20 263 680 675 16,53 396 oz .63 n.53 54.92
1996 335 1.19 6.02 121 674 7.48 4,73 523 358 2,06 0.67 1.72 44.54
997 2,34 1,27 1.35 571 5,16 301 4.71 4.63 9.52 227 747 5.04 3474
1998+ 4.37 296 Y32 3.24 2.44 0.8% - -- - - - - 2422
* indicates partial year.

Statistic Jan leh Mar Apr May Jun Jul Aug Sep [§:5) Nov Dec POR*
Mean 1.93 247 21.85 224 in 7.04 6.34 587 5.23 276 1.91] 56 43.52
Standurd 1.67 1.93 2.19 1.89 224 312 274 297 228 248 [.05 1.19 B.66
Devistion

Miminum 0.14 0.23 n.17 0.04 092 0.R9 137 1.19 2.19 0.00 Q.04 011 2738
Median 1.32 2.00 2,24 1.91 3.7 7.21 6.01 3,08 4.79 2.26 [.2% 1.54 A3.08
Maximnm 6.92 B.96 9,32 6,32 2.4l 15318 15584 1653 1109 1320 747 3.04 62,01
*indicates periad af record tor station and excludes partial year results.

Table B9. Monthly rainfall (inches) at stations KREFR and KRBNR.

Year Jan Feb Mar Apr May Jun Jul Alg Sep Qe MNav Dec Surty
KREFIS97 -- -- - - -- 6.7 8583 9.17 7.77 246 7.49 6.25 48.64
KREFi90g} 5.88 514 8.31 0.74 277 2.1 -- - -- -- - -- 2661
KRBN0297¢ -- - -- -- -- - - -- 0.14 0.81 0.95
KREF19y%* 4 46 12.13 - 242 n.75 087 - - -- 2113

* indicates partial year.
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Figure B12. Daily stage at station FYKISS for years 1984 —1997.

50 -

45 -

40 -

Flow {cfs)

Maximum stage of 46.71 on 22 ~ 23 Fabruary 1958

35 { g

30

Minlmum stage of 35.35 (ft NGVD) on 3 June 1985

11789

25
1/11/85

1/1/8% 11/93
Date

Figure B13. Daily headwater stage at station WEIR3_H,
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Figure B16. Daily headwater stage at station WEIR2_H.
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Figure B17. Daily tailwater stage at station WEIR2_T.
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Figure B20. Daily hcadwater stage at station WEIRI_H.
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Figure B21. Daily tailwater stage at station WEIR1_T.
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Figure B24. Daily tailwater stage at station S65B_T.
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Figure B25. Daily flow at station S65B_5.
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Figure B28. Daily flow at station S65BX1_C.
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Figurc B29. Daily headwater stage at station S65BX2_H.

87



a0

i
* Maximum stage of 36.20 (ft NGV D)
=} GR 22, 27 20 April 158
{_i A0
:!.L:- i
= N P rwf‘wv Tf\.;\
[ ’ k. ' -
i
. - Minirurn stage ot 3717 {1 NGY D)
0o o duly 1888
O : \ N ‘ : ‘ \
111734 /1780 1/1/86 14 1/1/84 101769 171740 171751

Dt

Figure B30, Daily tatlwater stase at stalion S63BX2 T.

500
|
ani |
w00
(—::) Maximem flow of 129 ofs on 2 October 13300
oooLhn -
HH_E
3
100 | .
l_ I s \ l .
I H H
! P \J r \‘ i | H L | ’ | \ JI‘
[V I."LT th M ll N ; I|| 4 Lf A w ] I
1/1/64 111786 17158 171/80 141792

Datn

Figure B31. Daily tlow data at station S65BX2_C.

He



UL SR 14wy 05 SE0F T TN 6 B 2]
- - 3 g LR 630 1edr 001 SElY AOH
= - - T 6T TF FEOF £Zor - dag
- - - FE T OF 650F FEOF - any
- - - o FORE FEOF LFOF LF DY mr

9E0F GO 08¢t 0RLE TLE £ E PiEE THLE unp

A 9F SFOF 6L 5L AT LGLE 00 B AGE GEBE Amy

ST | ot FESE T0GE (o] 1 o6t ENBE £ GE ny

8FLF o5 Ly 955§ £9°GE FRGE FLOE LGERVY ST ATy

Uit ETLY ey TR 60 Y 1£9r FoOF 160F oK

oL Thiy 06 58 EEUF L5 Ty 1ror 050 N8 OF urp

SAHY R NETH SR g Fi faung £ Aauog T Aauog [ Arong
sreemeeseeee BB — [GGE 6261 — RE6E

suoneIs NI PUe ‘NTIS ‘NAUN #AATNOH 1® YIUow 4ors 1340 (JADN ) 23es A[ep adeioay 014 JGEL

89



__::m_..u_.p—
B

FioRY

(S]2F sM0if Afep uesfy [T 3921

H()



“synsac e peiaed sapmyrea,

FLBGLO TEORTE  [HCS8  [908L TO0I€] FIOTEL  LE0L0  [S6EC  BLCHS COWHM 9PREL] OLSFIL #ROTSL TN Y
OEGsLE  FSEDE BOLS1 SFERD  F968F  CERGT  9LEC1 £OR(1 LFEST BESOF  TOCRE  RIOPE  CLDRF MILPRrEY
TIZFELD TEEEI- EOREL- O09T9- SCHR- ARGED- 007 QLG9 LOLR ARLE-  90fF  Rile-  THiT- WML 01
CTITELARN]

ORIEYD 19 1102k SORFY OFmy LO9%F BIloT [0S0 Towbl Sv9iT GITLE  O60f  TolEr DIEfUETS
POELEE  OPORT  LFRDE DI[E7  BECLE REGTP LETIT BENTY  obeNT LSo0F OSHF  CIECF &196T LT[y
S0y araL o Jagp sup 1wy dag Sy Iy umg  dwpy Hly am gag uef ansoelg
“1eak erped SIHIADUL

QITLIFS 120fl  £1T50  DRGEE GWedil] D05k FROTEN Nt
COSTFS TSORET  POLGF  FIOFT  SFELE CRIPG SUOFT  SHOIC  LPEGF  SEPUC ERUCI  £FLTE  TALFE LHGH
CERLLE CI89L  GORS[  GEIST  SFCOC  LEFGE  QLLC[ POLOT  THF0ST SEOPO  PHOGE  LZBCE  GOH90 L1
PEBSLS  o0F  1TESE 109HS TUOLIE) FIOCT]  SEE0L  [08r[ #9078 ORZLF  1080F  [A08F  CHIHT Conk
QOEGLE  HEGOL  LFTE LWPEL 9TODM  [85GE LCLE9 1BGES L0FE LFCED IODCBE TIEL 1IL6 il
D519t FFTO IC100 9SET[ LERLD EOSLL LI NEEL SODET £09M1  ZRBCF  369CL  T6SEL Ehil
CUIMEY  SOMRT toRCl SPERL Q0OFF  pLO90 ZOGRT  1S0L0 OEEEF  IELPS O9EL SI19FD §6lE- il
QEOFLY Fol-  LSFE- 629LF  PLOIF SSTB[1 6BPLD  £T6B1  BLSBL  CELRT  LE51- 8iDn- 8-k [RE031
CITTtd Sl PERSL- FLGSL IPRE- GIRE B1SE (LSO sdlal GL8RE DOZF DIDDE SEOUF £l |
DESSLE FEEDT EO09O1 19467 OZFGI- CPREL- BoFe 96L ALY SHISE  NCl¥D DOTSE  E0MST a8 [
HCLCEE  [SHC] BG5S FOOLT SERhk FoFF  CO0E-  LLE9- Tt [T099  [9%ah FOOrE  LCAOT BAGL
FLAOSF Q190 I8ZCH  £EU9T  BASI IL5- T899 FERE BIPD1  OLOEL  ToHFF ITOEL  STLOR LBn]
CEDTLE Gl6- CORSL- 60929 POGBE TTI0EC OL89) P60 SO0 BEC0E  S[HCE €899 DE6LS 9861
LEFDE CSCE1- CES[L- DI9Y  6REGE  BSHFC 5L 16.  (ROLE LALE- 15861
SWING JEI ) 33| AdHh 120 dag any Inr unr AT iy PP QR uey B3N

AL EaAR 18 (1)-08) SUCNBWILINS MO|J ATIBIA pUR A|YIUCW "ZTH 2.l

91



W,

lI'E_

7 +
i - T

Rt
HEK

w3
-
quz

107

and vear at We

i

*n

-

a1
"t

'
r-.- ey
i Flool

RTINS

(AL

awer cach month

s
20z
11343

1
1

o
i3
<

]
\
R

i

1

S

foss
TR
K
KT

=
ARG

fily o
G

Meesn d

23

In

,.'
o

1hle B

3

Mlaanum

Minm e~

T

42



“SIns ek renred sapngeka,

COMOH FOEO0[  TT95L FQIEL SSBOTL RSO0 18049 Of60S  SSE19  OR%06 e TETEL  GHBGA LML Ty
17985 £60E1  OFLS)  SEROT  GLERE  FSI0L  9LE0T  LTIFT o8t ROlvF TFIGE TBELE SEG1F UCERHA
CLIGLE TN S160T- LSBSE- BSRII S16-  1%- L% LBl odeF 186K SBIS 9ERR- LUNLLELITEY
ucryers]

LSLIEE FFOFL TDISE TOLET  +RLOE CESL  oBBIC  [65GL GoOAD 05952 LFPET LTEIT 968B1C paepuaeig
CEFGLE LEBFE TS0IT Q6SSE WOGE  LTFEP  LIFEE T1S91 TGRS FPRIFY OGP 99F9Y  (6ScE HT=HY
BT IR L 3| A0p ¥ dag dmy inf unj el My s 424 ucy HisHeg
1ed (erped saapuy,

[FLLE M} TECEL  GEEGG il
BELLIF FOUO0[  TOOTF  EGSE] GBSOT  10Pe® HT6  LIAfT QESEF PRFID ISHP 6BSYT OTEHE L668
CCE  DLE- OTD8 65161 ocBLD SHIGT 6ISZT 910617 OLLED FEOFD  THOF  vEGFE  60RSD L]
TS el 19BOT  FOIEL SOMOTD EFIOND TSL9€ BPOOT SB[V moltt 9S8C0F TOLLE  SCOIF sn6l
LOOONE  SO0RP0 TI0954 9080l FOLOL 100SE 1B0EY OE0S LY SLBED CFO6E SHIE- BTFS- oGt
CLNSET TOO%N- S1602- L59C[-  Z64PT F16- 190 LEE9- BOSE  UBCDG SHGE OLER1 DETIR Cohk
BOCLLE  HDEET EIBST  SEWO1 PRIFF  SOFES oS re681  ABE9F  E90RS  LEFQT  FEESE  BELIE TOnE
CACHYE  EOOL0 STIST oT9LF  1LTER BSE10T  S{0L9  £08:Z SCLl9 JHEC IRIST Z8L01  L95El 166E
BETOID SEOl 0Bl LERIE O9FRL CI6BT  FI3CT  £1601  IF8F1  LLECD GCSSE S598F  SSLOF L3I
IPLEET  C60F DOFE OLAF] SEHET  FofE1 BEfe 6089 Siolt CEGRF S9ITE OF(6D EIOLI HRGI
FOMNT DCETE- SOE00- 1809 68FFF  OTIOT s CEFS- FO89¢  IELC9 G6EFDE GEBHME Z118E HHGI
LIGEF  FROPL  DEL:l  FFCBE 900G codR  SLLI] OLPd  ETTHE  GLEDL  TEETR 00099 FLSFL LE6]
FOOSEE  LO9E] OFLSL  tT0S]  ALSHE  PEC0E FEROS IRl CEBOL  FHZOE  DSI9f  SETDS  OLTHS bRol
OFCECT DEICT  LBERBL +ESLE TIFDF  PLGEEY  GLEOZ  GHBOC  CONSY GLAP 15861
SUINg 1E3 ), ] ACIR 13} dag Fny jor unp  Arpy rdy e qaq HE[ 1T

AT THIAL 18 (J-OB) SUOHRWILUNS MO)] ALEA pue A[YIUOIY “+1d 2[qel,

93



iri_W.

A2arat We

ach month and

L

Over e

[Tows (ot

v

il

v, Mean da

ible B35

€3

R

L
=

v

-

e,

=

|

= s o
1 o Lt I
- [

"y

T
e

)

sy

e
[

iy
o
s
rey o
[Ea
"o
=
PR

Ay

il

&

)]

e

14

o
29 A
Toz

"W

i

T
[

54

W




“snsm read mund sapmprea

QSSHES FTTLET  SFLES  FFIOY RI[6[] TOOO[1  TItLs  £9F[€ CEO6F  $UOLR DISOGT €551 SBLSSE ML Y
COORL]T Qe00l- #19CT- L806- 9879 [T o6l 958f  dootl  [L[BE Q09T SOLED  TIFFD ucipay
EDCLZE- LMGTF GoFTE- (0STP- DO981- 9BCHT- O8I SE9L[- FOR0T-  £EFd EFSCT- FI1091- BEI9g- LTy
UL

LESOE|  £Sinb L0 SFFPE (OSRE  ILATF  BBTLAE  IRLET  ZRSOE TOI6C  99Stt  6EFED TiKIG PUETHEETS
£8CIIE 6509 98y BIST sEedl  CRITE 6ER6 GLTF  SEFDY 1TSS L1001 20068 6lflE UTHY
 Hung aea ) aage AR 10 dag By mr ung fepy sy 1By gqad ueyf Ms0eIs
ek el SIEEIPU|

BLLETR FOROT-  BERGI O[S0C1 ESPCIE SHLRCE 18661
CLEQLT FITLET  OLIST BRLSL- O0SB[- GO9FEE OOSIT-  ¥6i8 60T vLIT- EFSTT-  I610 TR98H- Lanl
LTISD GHEFC- STESC TCIs[- OQIFrl- 360l Rindl- CEL S9I8- v90FS Q0BS5S 1EE0T  TEFFC Gl
ORI SrCIT  156L] ¥RI6S BIIGL01 IndHDEL WWNST PRHSLD obobl [LEME  [HEOST  $Ol1€ TOCFE So61
FOERE 1L RS O6FLD £[889 REDBE  ZikLS  E9FEE GES9- 1968 S9Ilt  £BSH- BE9El- o6l
LSCOFT BEPS- 00LT- ROIS[- Q9% &IFE-  LSPE- 1TSTE- TTTI0- PE9LE L9902 STeF[ L98CL £anhl
CLFI1RI Tie - Ol6 BSL[E BIFLE  JiwC]  LR09  +OSEE  LCEEF POOGS- TOOCET 9LIF)- |
QeOLaL YLSEl- BFELI- TOLRT  PTSGE DUONG6  G6IGLS SO9FT  ECOCF  OZ90C LAF9- FI1090- RElfc- 1661
M0 9£THE- OSTOF- S6FIE- SELE[- IBSPE OB0FT  O5SIT OLZS O80LEF  GLET] 6lLSt 9EYgf L
FIOFLI GE0ON- P19C1- L3906~ BELE-  ERF BOSL GEES BP8IT 9FTOF LISLT  SLLED TECG fii6l
LEBTET NIFE- fdi- SE6AD- LEOOS NI9ET CIEF- GRIE-  CRSDE OFGhe L1566 OO0SFF  SSfCT BEGI1
BEBedf  108CE OFrER PME 98I0 6L69- BATE- 6L SHHD TohLL  SSPRFE 6OL9% BOSTL L2610
[DCTTI- BEPGT- a6FIF- O008TF-  LITF OBEPT- OURTE- SEOL(- HILE  teFd IFEL C9REY  {EEFT 9861
FRESL- LODIF €108 TLAET- SI0G6  EGFTI LSEOH
SWING IE3 ), ] AON] 1 dag By ot uny vy vy Iy 02y uer iway,

AV LA 1B (3]-0B) SUCLIRWIWINS MO|J AJBIA PUR A[YIUOTY 0TY SJqBL

95



al structure.

B conty

3

d vearat S-0

H

fean datly flows (cfsy over each month ar

TN

Tahle BI

=
=

Ji

o

L

iy

7
%

<

1
Jd

.
il oy -1

il o -
— -1 R

a1l

[
oy

171

ag
¥

111}

44

11

1
Wy

s

1he wear.

E



“s1|nsaa paogar jo pouad £1ep o Apdde 531505 seresmu

M1 OLRE GLEE HECR 1ESS O9FRS 9909 G1PE L1ET ERLE RAEE CERC FCRD Lnuirey
A 201 T8 6l W 996 Bt fira ) LER e ZZI1 L1ET REG uCIpagy

[ o 0 L 5¢ L 1} 0 4] 0 [ 0 0 LUTILL L 1y
WA |

B BT 186 3T4F ToTl 1TAl 360 LGL DE9  oFTl 9CL1 L6TT (HSI mepnmg
RO L B LE0I LIEI eS| L L95 FOE tFEl 102 TiFl Hrel IRTEY
ZHOK 23] AN, 190 dag Foy nr unr  Aely 1y TEW e uef HISNTIS

‘panunuod “f[g AqEL

97



"B control structure.

5

ar S-6

-1}

L

ations {

v o sunn

i

1

fa)

fand ve

-

Monthly

i,

ble 131

1=

RERX1

;l\.JE




“s)ms=a Teak pooed sapm o

PLLGOS] SELOLE POOCIT OPC9CE ELSBEE LI905f SMOHOF STFEOC SOPCYL GOFIOT RRAR0S ORQSIE ¥FFITE MENUNY R
BIEELE  L¥F9% CEBP TBLST TOLSS  LLegS B000f  LFl6l 915y TEPIS POOOD  STGEL  SEHOF uripay
£SFFS i 0 0 85gE 0 i} 0 0 ] 0 0 L LTI
UONTIA]

STOU0F  TESRL GLPGS ORTO0[  TSRDS ZORCHI  GE5LE  ORDCT  SILBE f0EFL BEIM0L VRITL  6SOFG pTpUmM g
[SOESE PSIbF  OOOOE  TOPEY  93L80 OF[L6  oBO02 FILEE OOAFS  SEROL  OEICR  +O06GL  SO100 UEA
LSLING ey, ] ADIN [hle] dog foy mr unp  AEp sy LITY g2 uey MSNG

‘panunuos g aiqeL

99



APPENDIX C: S65A AND 56518 SUB-BASIN RUNOFFS

100



“TEad Y L340 E1ER A7 1ep g AT saEnpur, azad eoed smempor

0Zar -- - - - -- -- - EAHE BIDE ZEOR 0S8 B9RD 13661
LELI LaLs W} 0 811 re ¥ TEL 1602 160§ 30T I rt | LE9 Leal
a8t 1] o v 0LE FIL U] 9ET RS DEIT ASFl [EEl £ASE Lt}
210 I8¢ (R0 FI6C  FREF LEST GFF 0s¥ i L) 1EM 1E€1 L UG i) 601
1521 DE6E BOSL G5 BG0E  The1  SA0L  S%6I Lo Bie TES Tl L Fos51
£33 0 0 LI 0 iU 0 i} Al I I (74 A ] | 6911 LItk x|
cfa 615 A% €15 W1 0081 o 0 TELl 9ET T4 ] | o 6461
Se01 0 4] LZE] Locl  ESEF THGl e +H0T 1971 L] 0 1] 1661
8Bt 0 0 0 0 0 o 0 69 ERE 810 PEFE €691 Daal
0cs 0 4] L] L] 0 (] ¥l i FeEl FETI i | £ED 6861
1 o £ ¢ 6ERI 0 o T TFEl FIST S1LE 0L 0LG #3651
8371 L3861  LTIT 0 0 1] £9 0 OF8  fIZE LEl SiE Z6TE L85l
GeL 8 4] LT TER a2y 0 21 601 901 1521 PECL RBEDC gELl
CLE 0 [ [1¥ 168 08 [+ 98 £68 €11 ot 0 0 ol
LlZ11 G £11 1] 901 oF31 10t I+ 982 LEDE TS1L TIST B Fa6l
£697 951 0 o LN A F A ) €1 FEF1 1SIF tORF  FOSL £rs £861
£511 201 65 B90E 0T GI6E OWKE HEei 9211 S¥T 1 1 1 il
[ 1 [ 1 1 A [¢] i Qe oF 6l 1 al 1841
159 9 18 LY 1 T BT a5kl T8 k6l 8980 STLT 851
5 BLTT 601 531 £FG T I PooTell 1 Lot SEpE TLIT Ginl
194 LAl T T 608 LDeC 1] E [Z8 c1g 1041 LIgL oEll LGl
08 1 [ L] LU Tl L L] i 13 Feol 9ED1 OL0E LLGl
TEE TROT tL 96 §3€1  9TST FIT & S60l Gl 3181 GETI 13 251
195 0Z1 LFL P 1A B A4 T GZE FRT1 1000 £al oL I+ §L51
£ET1 il LF L5 E81Z  IZTF  TSEF RO 2% FOE (g€ £CD £y Fial
16 Ll 9 LT8 £i91 bl I LB EPSl 9FT S9Rl SROI il £L61
gL [ w ¥ 1 ¥l 9L LEE 4159 OFE £ 4 i Zial
il i i | | 1 1] 1 i I BT FIET GEL 1161
6 SL1 601 Fd 1] og I s T5E LILD  6FST LEOT LEBT DLal
$o%1  TLRE  SEET  TERS  TTON gL o 635 = - - - =" 6961
¢ T I M Aoy 120} dag Sy mr unf  Aepy sy ®W q34 uep map

"AIMOTLS [01JU0D $G-§ 18 T3k PUB YIUOW §ora 1940 (8)2) SMO[J AP ueay "1 JqeL

101



ENASRD R0 )

T
=y
iy
(LAY

I LUTHL T |y
L arinay

15C1

FLRECE ST
L
|

val TITl

Tl i
FEE L1 Asl 10}

iy 1ELy 02q () aIEnes

PANUNIUCD [7) 4R

102



“Jeaf [erued sazpu L

BORETE( GOC¥T TOIEEL PIOEES SIGIBT LOLICK JBe61
TARIE0 LEF9SE 11L9 O R E6FIIT 1DST  PAPL¥ POSRTT  OFLTS DD SELLO  GFEGE Lobl
TEFOLS 0 0 LB6C ETOET  LoOEW 0 E£908  PLTIT E30MTT  FILGE FFESL SEL6E T
LrioSk]  GETLG  SRODO POBGLL ®360LT GLOBLT OIGBE  ERLOL OLLar OCSDLGE  SELPG TPETIE 164D Lopd
BODRST L LLLONL ITIFIT 169181 S9cPR( LBTall SRI8IT LPOGT1 [S20T dkelt  I8IFG Fag L FooT
oH68L09 ¢ 0 0 0 L 0 O FLES TROLED  SoF0G  FIGRD 00965 £h61
EEFA  LBEIE TTIIT QLT6l ELBEL 059011 0 O FEFMIT FECIFT #9351 TOOFE ¢ 1
T6FEoL ¢ 0 SITIR WOILL FESIOT DRATCT  OCkle DROSTT GRISL 0 0 ¢ 661
THLOLE 0 0 L 0 i} 0 O [DLEE 6E5TS  6O9[F FFOOTT GalF0] 0661
ROTOLE i} 8 0 0 L a ECE  TOCRR BIEDIL OELED  163L9 OOGIE 6861
TIERIL Q &1 O o0l i 0 O08F1 G6ISTE GIFDET OFSTIT  LE6BG  T0CLS 86
LE9TEG TRITIL GFLOTI 0 Q (LI 0 G SLOTE GOTIOT  OL9PE DETOST SBTOT L8361
CELOFS  ZOIS 0 0831 FOSGF  GFEEE a B TLOLD OECED OIO69L DEWLEL 1E59C5 oEel
B1GHG LE B CSESE GOOES  OSEGEF 0 9iE foers  S18% MRF 0 i 5861
TR 0 ¥r9 G B1E0 CTIEAE &89 OCFC GLESKT GIOFRT SIS0 oltFrl 09Lall Fa6l
EOLSIE] BLHLOL 0 0 FOO9L LSEQLTD LBTO9 VoL QURGE SB09FT TOPSGE 19100E  HISIE FRH
OIFFER S99 HALSD FRLLTL ©9E0ll CHRGLE SOOOEL THISLI PLTEY 1091 BY 9y LS 86l
s T £ [y 6% r ol L £E  BIZZ  BOGT  BELI L LIt 1861
15PELF FOL 9@ Rol¥ Lr 05 9T CEIE BLTOR  FLERF ICEITID BS6Ee LROO0L (7]
HHLNUG 1RFCL NG9 TODRIL 0T19C Ll [ LIS o o A 03 FOOGE Jo909T OFSetl Hilel
RFRDSE  OFFEI ¥l 801 ERIOL Q0IO% LLE ¥ TOS0S  SOME BI9F01 OTTFR  OROIL fLol
ISELFE 15 [t 8T a1 0L nEr 0 192 BOFEE OTLIOL  SHEOG [OCLTI Linl
Loery LESD9 FICT 08 CT9T8 (o050 &F1E1 FEST  FZELD IBOFS follll SFIPL E¥SE A
ZoFMF  FBEL  1FFFF OLLFF BELIL  8FE9 01 £T06F  1S0BL  S9L6S LSIDN 9FDF PEST CLnE
OCRETH 0L SCBD OBTIE SIOGTI TLLEST FLGLOT  OCE8[  3063L S[IR1 9ol Q439 LFIS FLOI
IRRILS BEn| BLE GTFCE TISAG HETOF 0L Tenl  SORFG SEILF] 1SN FEE09 L Linl
el ¥l FE ELFI B FHEY  MLHOF  LOFD[ 6LGE: LLNDE BSE it g Tinl
FLILEL w1 L4 %9 Ly ot 9% Lt BE Fo LUOLE LEOTEY  ¥FOOF Fifl
DLILOY DR GBFD ERE O FIPE 6OTL FOI91 BT9Ii7 S69191 BELOST GI1LT1 69FFL] 06l
TLFEDL DIEDL]  Elwbl oOSLFE £5009 BFED (GBI LTOSE 0% [
LTINS T ] AlHp 0 thag LY mp unp o ARl aly Jepy qaq uty 3

2UMIANS (0L €G-S 1E {1)-28) SUOHEUIUNS M0[f AEal pun A Iuoly £33 Mqel

103



(Rt

PENLLG S

Lo L

104



“JEak 2yl 120 Elep AQep 30 STTIoAT SHEIPUL 4 Zread [enred sajempur .

aLll- 9L 9FE- ORBT- BEL- LEol- 1661
LA T £ atl %EL LlE- 9EL L L5 1Q71- ¥l- 68~ 0OR Lol
03 Y L i1 Ev il il L&Y FE Ll [£- e CIz Q61
1t [4 &l o 1TE 0 o £01 L8| T 60 FIT- 66 a6l
9r LI LS ol 0T 15t 18¢ L) g9 5 Ly SLT 6L P61
13 g 58 0L 1 P51 68l r 8e £RE ot Fl 1z¥ £oGl
3Er o8l O G1E 65 A Bk S L[l-  €&I- £ e- T Tohl
49 & ) TLT I&  TSE- 1A} L [ i9- 181 £l 6l 161
0t £ Ly 6HE 6CC £lt alt €8 or oF 05-  Z6l- 561 0661
11- r 6 ] a4t Bel Frl £l LBT- 8sT- 69 e ¥ 6361
08 £ ar 8P FLO 95T ¥ 85 ¥i- Tor £LT i 91 861
Y OFE- [1a [4ay 17 &t (4 0 ¥I- o3 BED- FFOC - L8651
[ Fr 1] ¥oi Lol LT1 FoT £ £e- £IT- 18T Tee-  BET- 9851
£a oz 65 11 a1 8L 6l ton ¢F) ol O 4] 0 SEol
£Zl- LY 19 6E 6L BOT- L8T 95l BE-  ELE- - rEO- IBE- real
Stl- B9 £ o¥ 8- PHE- &t Ll ZET- ORS-  [F- 697 9% 861
X 18 Fad 98- 261 - £ 419 1 201 ir I- I- 861
68 I- 1§ il | bY4" 8L [} 1- ¥ ir ] BE L™ 1861
L L3 POE £ #6I[ B3t el BIl BEL- 201 - r- LY o 86l
irl all L8 01E  ¥5IT 9ez 178 98 ILT- g 01-  D0S- 60T 1Y
[ 154 ity 4 8LY [ ] |2 98 i9F £Ll S & 9cT 03 gr61
8t SFT s £E 95 G 9 LEl [H9 2 b2 5 R - R | 1 Lisl
L] 01 1L S~ [ L) 98 [Fi oG- iy FLT- LU 1L OLGI
1Tl La ¥ gz it clt Tl £6 a9- ¥i- Li 0 ML sinl
9cl Fi T - £l oL 733 GET £l o8 e il 4! FLal
3E1 e ¥ 1561 L1y i1 1¥C ir sl 6 e 5 jL ) LG
i ™ HT 1 133 68 1£1 i 0l a8 ¥l Frl I- Zibl
W G 0T FALY 9zl SO FLL 1- 1- T- LA 4 S LE- 1161
It L] gL 0al ir 621 1.t Ik £ 9t Wi-  ¥II- [ 3 L5l
[ B0 [ ORE  6FOI 6¥1 GET £9 L3E Al
#.m;.n. NLETY RETY AOp 1} dag Iy nr unf  AER sy ¥ q2q oer 35

"UISBQ-GNS VSOS UM JE3A PUR YIUGH YOES 1940 (5)2) Jjouni £[rep usaly "£D 2[qel

105



srmsar praoar (o ponsd Apep o Spadw s e

sFe E1 3 C 1 y EFR v B | ERE 0= Lihs o 1ot LTS
9z Hy G [ Fel 21 Lo ! S il .
Pty FLe- o8- ITL- Fi- P e i fiile- sEi- 0 Leal
5t HiC i L £ ] (5 O ELL RN
K P el 2N ot [ - Wk urA gy
cA0d 2] A 13 dag Eny Hill ang Lapay v 1w [N Lz AR

PANUILGD EDy e ]

106



aeads [ended soznpor L

THOECE- LIOF LO0O0E- LeDill- Boair ol16(1- Johl
BO6L ELEEE- EBEOC  ITEL  LATRI PEEET-  o8PFl [LEST €218 ZED9- oi8-  SPo BIGF Lot
Lipge IF[] 05 6frc  LBST  £FBO A0TQ TLEEl LEET DODOL le6l- OelE-  DETE o6l
6 ¥l BBDL  LBED- SOGEE TolF QBT GCT2 9TLL 8TLE BETE BRI LY o6l
GFESS FEGET- TDIFE-  +O06 OB [SSTC oFCll SLETE  000F  REOE-  ®LES-  9Eia 18U il
£eLTLl Skt O00ES SEFCL SL9ET PG PIDIL BAST  JolF  PSGES TESRD L9% 68T 6l
FLE00L  TEDIL 6L5  Giktl IIPSl TRED  tTElE EIREE GGLL- 95151 [R1- TBOS ol hol
N¥8BE 89¢  Lifl T[R90 OT0E BISST- OFF01 TPID1 Obuf- 969¢  GELIT EIL &5TI 1661
09TRL 60T FPEl FREED  TE9E1  6EZ6T BCRGE  GI0C OFFD E9IT (905 LE901-  BSSH- Daal
656L-  OELT C5s  SBIC GO9SRl LOLTT  GTER 698 EFOLT- (9ECI-  BOIF LEFTL- 60T 684l
el bR 5T LLOD TSRS L1F1F RELET 0EZ  #est TIOE Q6rDE  ELSKI £gs- F30 541
BEFPL BFFIT- GECFS TROSE ETRCL FOET S6LE O £5¥1- BLPIS S¥GFI- RLLSE-  ILPT Laol
D99 SAFl FOLS  SRE9 Eo%ll £ELL BEEY1  £EL6 PERET- tREL- TLTO- PERRLL LTOWT- 9861
ECI0L BI9T LERE (5% 9%6tZ OOFLT  SER[01 OFT2 REED £8EI L L 0 1 <86l
SF90E-  £60F  BEDE SOFT FEOF SOBC[- £FBL] ofE6 6BOBT- FLoFL-  Bolr BOFOL I6fpo- FRGI
SIESG- EBI-  ¥8El FI3E  BLBL- SLOB[-  wLEE  8Ute  TF[8- B5¥0F SO9FD- OSoFl-  TFFE L8614
QLGS LBGF  LLPE ODES- ERGIL L9899  BEAY- OBEGE TESE EBED LO9ST G- L5 86l
HEOFY or L L TLlLy  LnvE oL Et-  OEFI ®6FC  TZTS FIGF  OI9% 1861
Frols  LE5% RI9 SE0F oBL1Y OFSED 91911 0L L¥RE SOFD o9EZ T | S [FEGd
SLLE0T  GTEL O WITE BSOG] TOOED [otvPl HCEF LEET G208 0GE 6% Folll- BISOI oiGd
KISFF1  GFEL- BLF] 6GOG01 TLNED  BBOGL  £30T5 SRS (9900 aolS S[ZBl- SLSE OOFT Rind
PRFLE LLOST  G#FOE HEODZ TORE St GMF [BIE GMDE 0o GRER (GIR- OZETI- Litd
0po0x 209 oolF  FFSSD O00E]  GEIT ES  [IFel FEOF ©l1E 890 SHl6  Fofr ril
POCLE  9EEL  ORLE TLESD  [eTel  [TOEL (5611 €% ©iTF 6lPl- 938F  IZEE LLiR |
CEl%G OERF  AOO%  O60f  Cli- LTEY] SHERE ORCFY TRFF O GIIC EOBE SEJ0T Lo Lo
LiRnh o Folt 18B%D E1LTD ofyd TheEl  TIRFY QEEF 806N {RSC Lh fHRLFL £RICL Cing
oHlsl 1 FUF HEG] LF  GLFC LFrE HEDM  SFFYE 16T e IS ury  YuCE s cLli
LOOEL ¥ES SB11 fZtal IISL BS99 &FERI Lt GE- FE- LEE] LEOGE-  EEul- L0k
EC oFEs DoFF tFIT D[EC FEOL 03651 LT6) 680 [FS1T- LoBE-  oFED- DLIFI ik
9G] BFSD SF99)  GIGFR  FEEE Q4SF1 OGE 08t L
Wng g ] A0y 12¢) g oy mr umg Ay Jiy Jlpy Gy uer Ay

WISEQ-QNS Y¥6OS J07 (11-0U) suonewiwins jjount ALeak pue AJHIuop 0 919

107



PATILLD Ty e ]

104



"TEA 3] J3A0 PIER AP 10) AFRLIAE SHEND . SEaL [ented sapeipor
v 1+ h Bl R

Lol L N 1) B ¥ 1 1Bo61
€82 LEl LTED iLs EE¥ SLE £61 ol (4,74 b Tit 981 RS- LE61
[££ L3 o L ] sor  LOF a6 [0z &F9 BBt 15% LE¥ 661
o It BET 9L BEGL FiL FEIL- £9- 611" T 1&- 10- >t b s661

L LE £eg ETL L3~ FEI- 81 98l £3 91-  ¥E- - 0 Hi61
£t g1 0&- £g- 4 0e- LEI- - 1% f08 TIS e0f- FIOI- £hnl

60T St o 6LT- 18I BOOI- 6F1 G- £91- FEE- - - 1- ool

i o - ¥8I- ot 8Tr 2e1 1w i S 1 b e 0 SE 1661
13 I el 8t i 2ET1 811 a1 w0l ¥ la 68 11T 0661
¥ £ % o6l OEL- £9- 6&- Tl 69 8L 3% £F 3% 61
18C- B &- §1 £60- 9Lt Lo 0 - 90T ERLI- [T L) 5861
L ol [£1- (A3 £Tl il iy i 68 ol LEk gEt 108- L3861
a9g [% g1c 9 ¥ a9 ZEL £t LT 9L T el Tel- 9561
£L- 133 - ¥ 09 09 ¥8- e 2 £L- Le T T CRG1
ool EF b at ¥ 61T FEE o 1 vl 901- SBI1 iL FEOI
Lyt It £ o Ot L OEl ngE ¥l L9 180§ 186 Lo 86l
g8z o11- 0fl- BEL LY gZL LGL 938 Li- o ¥ o 0 TE61
gL o 1z ] 981 96~ ] 1] 0s- {12 ] ¥i- gL L1861
03" 16~ ¥51- €el- sol- £9- [g1- - gl [} it L] Lg- 861
LT i Le- LFr  FI91 L A I ¥ cHl 8t ¥ FLET 1124 BLGT
k.7 0L ¥ 6BI Bl 6E0T 26 132 91~ 2Zal- il by 60T Ir 8L61
Th- 0% 54 1- £l I1Z- 65~ LET- e Ofc-  obl- ST [ Lisl
£t I HI- £9- LT S99 L L Lg- 6oL 6l PRI ITH- L5l
LIFA 330 i i 91 Zlc | 8 4 £ LI 16 L Fo- cLnl
L1 ¥ 8- 13 £5F  0Erl [ELT oe L0 ITr- 8- 681~ it ¥Liol
iTl ¥i- [ o 69 OFL L Fl [ 1 9g- 6 8zl £L5I
Fin . ! £ is il 9t Loy 01 o8- ¥ T 0 Lol
bl | 6 15 12| 191 LT sF L] L] 4] 1L - - 1LnE
€9 s0I- 16 9t & 8r- £81 fé- Ly Er1 tZE iy [8F 1N
Fiy  O5E 99t BSRi SET 161 tf Efl i)l
o Fay TEX o] AON 120 dog  Eny [ag uny  Ary Wy aEp 9] uej wag

“UISBQ-qNS OO UMM [B2A PUR YIUGUI YIBd ISA0 (SJ0) JJOUNnT A[ep Uesy "¢ 2[qRL

109



symsa peaaan foopotsad Spep oo Ajdde ooz sseatpun

0ol
15t

TRE

K1

£68

el

-

el

Gy
£

T

140y aen

Peazg]
ot CpLEly
3 Uty

In

6 [E
Aty By

PANUBUCY G AYE ]

110



“SIInsas T prraed

GTHISE BIOFS]  HSTFS SRIRN JB6G1
LOLGEE  RYGPR  DSOEL  Z96EL HOLST  CSeet  Oidtl OE PGl [oFD E6RY TYO0l TLGE- Leal
HE00rT ILES  ThLT D9PIL 16010 ERCPT  [ELFC GLYHE (9YC1  BESEE  LEE0  1IT00 TLB9C O [
LEGUE 655 FEIF]  HLGEE TLPO0[0  LO6EF  LEC8- 9905 PeIi- 6661 LE6[-  L29%  ELLL- Ll
ELFS IRET BEEY  LESL BL1S- 9% FOILD OWRLL- FEFS- 65A- 6SSCL- FITS- EETL FuieT
DTeR9l-  FROL FLOE- DOGE- ORPT OAE- LEFR- 6£9-  SCLE- BQIRE TSFIE- DPOD- LEETG- el
LIOZs]- ©Ftal-  0oek 6853~ OEL91- §a%e0- IBT6  Ol€s- OSHDE- B6BET-  LOST- SIELI- A Tl
987 obS  LLED- LEE1L- OOEZ- B¥PEDT 60L& DEERI €960 60011-  SBPE 0QL1 0917 1661
91T o8Tl FUBL  EIE9C 39 Go¥B QETL EFLE O5ET BDITT- 9685 SI6t BGSTT 0661
B0ELL- 112-  I90f GOOLE  £581L-  GL6L-  BY9E-  TTL- SROF SEO  foTE- Rl SLTE- 6861
DESTRI- 905~ 0L GOOT SLELl- SRIED- £P6S- BBL1 SSTOE- ROLCT OFEC0T- PRt LERE ga61
QLTS LEBIT SA068- OTED 9249 EF9C  6BIL- 66 TO9t IRILS- LT85 LORGE HLI6F- L3061
L36R0 I19LE LFRE1 SOOF FEFPC GLOL £RCRT SBEL 6FSL- ETSF SOHT LSEA 1EE1T- OHGT
LECG1- 1108 SE6- LFFE O SESE Q009 D51& BTDE et L9 APET EOOE prd | £8aT
TIRTL  ATHC LivR 836 0I0E- #IEL BESOT  6T08 600OT  LOER OFC9- 1TRO EFRLY FaG6T
SRy QIST  FSET- ¥TED-  o0RI- GoFD LOEL OLLD £RO00- BOUTE OSFOY 1TRFE LRI £8ia1
TR ZELY  oEfl- Lo9  LITSC fOLf OSILF  OSEZS  1Eip- OFSd GEL- ] 0 84l
LEIg1- 0 Pl ET  L¥OIl W ¢} 0 BeUb-  90FS- O0ZF9- FILF 98LF- [801
TEERS-  Lo€S- 89B[6-  PETR-  DEDO- L1001 6506 05k fOT1  650F  £BE1 Lo ISTD- Q86T
ESETIC  ¥RRYO- 160~ 6606T 650G BFIFD TIGT]  Gofl- WOE[1 L0 206 1FTST  29E6E 661
BMSIE OLEF OLPT SESEL TIRIL 9EGUQ  +CE9S  SL9TT 9606~ TEF[1- BSOLE  RISII 092 HLGI
1¥FEFP- TOBF 9% 1L SlEdL OIEE- AW9E- IB18- 0835 OCIEl- il Ebie BETF LLGT
6OCh LETF[- B9 G685~ fIEET Aiedr 18D FESE) ECEC TRERI1- 1#RE- U0W- BT el
Holvl- #6018 Tri- oE00T  #E9CT £15 OLF  BTE- COEF P00 1ML L189- EGLE- £rel
Tl FEsT- 9891 GE3BF  FEoOT  COGLE GOFSCOT OOBT CO%1- FREG- GTIG- SOS(-  GE0S- PG
SO0 [E¥L- [ty LI ESTIF 1687 in9oed bER  SDAD SThn- ASPD SIS #9BL L6
LIFOE el ol €0 0IFe ETAF GDECD LEBIT LEED HBEF SHFR fo- i} cLivh
LRER RES SIS 0BG ARG S6ET- [R:C B i 0105t BRI DR LLGE
LTS s L XS b ebs ol BUCIE 9FLS Gols SIRL IESol LELY SESOT Lol
TEeRR] ORSIE BO%IT aldFLl CLOF1 OTELd GOGE FOLF R
SEENNLS; IR 3¢ AU 1 dag oy 1oy unp o Aupy ady e qaq uer FLATY

uIseq-gns gogs 10 (13-0u) sucneununs jount Lpeed pus Spue 90 |[qe,

111



RISy

00 AR

112



